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MICROSATELLITE MARKERS FOR IDENTIFYING 
CANINE GENETIC DISEASES OR TRAITS 

FIELD OF THE INVENTION 

This invention relates generally to genetic markers and methods of making 
5 and using such markers, and more particularly, to a microsatellite marker that may 
be used to detect copper toxtcosts in canines. 

BACKGROUND OF THE INVENTION 
Due to inbreeding and the relatively shallow gene pool, a large number of 
genetic diseases are present in dogs (Clark, R.D. et al.. Medical and Genetic 
10 Aspects of Purebred Dogs (Forum Publications, Fainvay, KS) (1994) and Robinson. 
R.. Canine Pract 16:29-34 (1991)). Some of these genetic diseases such as copper 
toxicosis in the Bedhngton temer breed, are so prevalent in a particular breed that 
the mutant allele frequency may be higher than that of the nomial allele (Herrtage, 
M.E. etal.» 1 Small Anim. 28:1141-1151 (1987); and Yuzbasiyan-Gurkan. V. etal.. 
15 Genomics 15:86-90 (1993)). Other genetic diseases cross many breeds, as 
exemplified by progressive retinal atrophy causing blindness (Bamett, K.C., Adv. Vet, 
Sci. Comp. Med. 20:9-67 (1976)) and hip dysplasia resulting in painful and crippling 
arthritis (Corley, E.A.. Small Anim. Pract. 22:570-593 (1992)). 

Canine copper toxicosis (CT) is an autosomal recessive genetic disorder of 
20 copper accumulation which results in severe liver damage. Unless speaTrc anti- 
copper treatment is instituted, affected dogs die by three to seven years of age. 
While reported in several breeds, it is best characterized in Bedlington terriers, with 
the frequency of the defective gene being estimated at 50%. The disease is also 
prevalent in the West Highland White Tenier and Keeshond. 
25 Currently, the only method for diagnosing affected CT dogs is by a 

quantitative liver copper assay in a liver biopsy sample, after one year of age. 
Unfortunately, heterozygous and homozygous normal animals are indistinguishable 
from each other by this test. In order to determine if a dog is a heterozygous earner, 
test-breeding strategies must be employed which require that there be a dog of a 
30 known genotype to breed against the potential carrier. This process is very costly 
and results In the birth of many affected individuals. It is therefore impractical for 
breeders to identify breeding stock free of the gene and currently caniers of the 
gene are only identified after they are found to be the parents of an affected dog. 
Because like CT, many of the canine genetic diseases are recessive, various 
35 methods have been investigated which would identify, on a molecular level, 
phenotypically normal earners. One method that has been employed is the whole 
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gene subtraction method. This approach requires the sorting out of differences 
between DNA from those with or without the disease or trait with molecular 
manipulation methods. Unfortunately, this technique is somewhat impractical and 
requires that all variability within individuals with the trait as well as the variability 
5 within those without the trait independent of the trait, be differentiable from the one 
or few that are dependent on the trait. Furthermore, this method has only been 
demonstrated on very simple organisms such as yeast, and while this technique 
appears theoretically possible for higher species, it rapidly becomes impractical, as 
it requires many breeding studies of large numbers of affected animals. 
10 An alternative method, the use of restriction fragment length polymorphisms 

(RFLP), is extremely labor intensive and expensive with respect to both 
characterization and analysis. Furthermore, this technique requires large quantities 
of DNA. generally is limited to only two alleles, and only a few loci have thus far 
been characterized for the canine genome. It appears that with this method, a 
15 separate genetic system must be generated for each breed of dog, and such a 
library may not be sufficiently variable in most situations of interest. 

The randomly amplified DNA fragment length polymorphism (RAPD) 
approach uses random primers to amplify fragments of genomic DNA that vary from 
individual to individual within a species. While the primers are relatively easy to 
20 generate, the method is unreliable with minor experimental changes resulting in the 
resolution of different DNA band patterns. Furthermore, only a few such bands have 
been characterized for the canine genome. 

The candidate gene method is another alternative wherein one or more 
candidate genes is identified based on what is known about the biochemical and 
25 clinical or other phenotypic attributes of the disease or trait and information about 
similar conditions in another species where a gene has been identified for a similar 
trait. This approach was taken in evaluating genes linked to the Wilson's disease 
gene in humans, a disease similar to CT. Unfortunately, the genes linked to the 
Wilson's disease in humans were not linked to CT in dog (Yusbasiyan-Gurkan, V 
30 et al.. Genomics 15:86-90 (1993)). Thus, even under the best-case scenario, the 
candidate gene method is merely a guess and the approach is of course, further 
limited by the availability of identified genes. 

Because canine pedigrees for various genetic disease are abundant, with 
several generations and two or more affected members present in many cases. 
35 these pedigrees lend themselves to linkage studies, provided polymorphic markers 
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are available. Since most of the breeding is controlled, identification of linked 
markers would allow concerned breeders to greatly reduce the incidence of these 
diseases in future generations. 

One type of marker that has been developed consists of simple sequence 
5 length polymorphisms (SSLPs). SSLPs arise from a varying number of repeats of 
a simple sequence, such as a dinucleotide repeat at a given locus, and have been 
reported to be frequent in most eukaryotic genomes (Tautz, D. et al.. Nucleic Acids 
Res. 12:4127-4138 (1984)). Such loci, also referred to as microsatellites (Tautz. D., 
EXS: DMA Fingerprinting: State of the Science 1.21-28 (1993)), are best exemplified 
10 by those containing the (CA)„ motif and are found to be highly polymorphic in many 
species and are being successfully used in the construction of genetic maps of the 
human (Weissenbach. J. etal., Nature 359:794-801 (1992)), mouse (Dietrich, W. et 
al.. Genetics 131:423^77 (1992)). rat (Serikawa, T. et al.. Genetics 131:701-721 
(1992)) and bovine (Barendse, W. et al., Nat. Genet. 6:227-235 (1994)) genomes. 
15 High polymorphic information content and amenability to analysis by polymerase 
chain reaction (PCR) and thus to possible automation, make microsatellites excellent 
linkage and mapping tools. 

CA microsatellites from the canine genome have been identified and their 
polymorphism evaluated on sets of unrelated dogs (Holmes. N.G. et al., Anim. 
20 Genet. 24:289-292 (1992)) or mixed bred dogs and beagles (Ostrander. E.A. et al.. 
Genomics. 16:207-213 (1993)). Presently there are about 150 SSLP-type markers 
for the canine genome available. Unfortunately, these known markers lack the 
abilrty to detect a linked marker for any genetic trait, because of the low probability 
of finding a linked marker sufficiently close to a given genetic locus, to ensure 
25 detection. Many purebred dog populations have a relatively high level of inbreeding 
which makes ft important that such markers be very polymorphic. Further, important 
genetic diseases occur across many dozens of breeds, requiring the markers be 
polymorphic in most, if not all. breeds wfth many different breeds having varying sets 
of genetic problems. 

30 It would thus be desirable to provide a method for identifying genetic diseases 

and traits in canines. It would also be desirable to provide a method for identifying 
genetic diseases and traits in canines which has high variability and low breed 
specificity. It would further be desirable to provide a method which allows breeders 
to select and breed for certain favorable characteristics, or conversely, to avoid 

35 unfavorable diseases and trarts. It would further be desirable to provide a method 
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which allows the detection and screening of a recessive genetic disease such as 
copper toxicosis, which is phenotypically undetectable in heterozygote carriers. It 
would further be desirable to provide a method for identifying a carrier of a genetic 
disease or trait and affected individuals without undergoing test-breeding 
5 experiments. It would also be desirable to provide genetic markers for the canine 
genome. It would further be desirable to provide a maricer for the CT gene in 
canines. 

SUMMARY OF THE INVENTION 

A set of microsatellite markers are provided which are useful in identifying 
10 linked maricers for canine genetic diseases and traits. In particular, five hundred and 
nineteen microsatellite DNA markers are provided which are highly variable within 
and across many breeds of dogs. The microsatellite markers are derived from 
regions of genomic DNA which contain a repeated motif e.g., (CA)„, flanked by 
unique sequences. The number of units contained within the repeat motif is 
15 variable, such that various different alleles are present in any given population. The 
unique flanking sequences may be used as polymerase chain reaction (PCR) 
primers which allows for the rapid amplification and characterization of each locus 
from a small amount of DNA. Thus, each microsatellite marker has a unique set of 
primers. The microsatellite mariners and their progeny are especially useful in 
20 detecting genetic diseases not phenotypically visible and identifying carriers of 
recessive diseases. In a preferred embodiment, microsatellite mariners are provided 
^ which may be used to detect the canine copper toxicosis gene. 

In addition to identifying canine genetic diseases such as copper toxicosis, 
the microsatellite markers may also be used to create a genetic map of the canine 
25 genome, generate specific breed profiles, settle parentage disputes and identify dogs 
by DNA fingerprinting. Pedigrees of affected individuals, their siblings, parent and 
progeny can also be created. Breeders and owners can thus choose breeding stock 
thereby reducing and possibly eliminating the incidence of specific genetic 
diseases. 

30 Additional objects, advantages, and features of the present invention will 

become apparent fomi the following description and claims taken in conjunction with 
the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The various advantages of the present invention will become apparent to one 
skilled in the art by reading the follov»ring specification and by referencing the 
following drawings in which; 
5 Figure 1A is a bar graph showing the average and standard deviation of 

heterozygosity percentages across loci within a breed; 

Figure 1B is a bar graph showing the average and standard deviation of 
heterozygosity percentages across breeds within a locus; 

Figures 2A-2D are photographs of gels showing marker locus D02011 in 
10 various breeds; and 

Figure 3 is a photograph of a gel showing segregation of alleles at the 
C04107 locus in a Bedlington temer pedigree. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Five hundred and nineteen microsatellite markers from specific gene loci are 
15 provided which are highly variable within and across many breeds of dogs. The 
microsatellite markers of the present invention comprise a repeat motif e.g., (CA)„, 
found in the canine genomic DNA. flanked by unique sequences. The uniqul 
sequences (also referred to herein as primer pairs) may be used as PGR primers, 
allowing the rapid amplification and thus detection of the sequence of interest in a 
20 small DNA sample. Table 2A sets forth the microsatellite mariners of the present 
invention. The microsatellite mariners and their progeny are especially useful in 
detecting genetic diseases not phenotypically visible and identifying carriers of 
recessive diseases. 

In a prefen-ed embodiment, microsatellite mariners are provided which may 
25 be used to detect a carrier of the canine copper toxicosis gene. As further set forth 
in Specific Example II below, mariner locus C04107 may be used to predict the 
inheritance of alleles at the copper toxicosis locus. 004107 has also been used to 
locate two other mariner loci C04107B and C04107C. which either singly, or as a 
group, may also be used to detect the copper toxicosis gene. 
30 The method of the present invention is useful for klentifying disease free 

individuals (homozygous normal), carriers (heterozygous) and affected individuals 
(homozygous affected) at any stage of development. While a single marker may fail 
to provide the required infomiation in any particular pedigree, a series of progeny 
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markers will, and thus such a family of progeny marKers derived from the linked 
markers set forth herein, are also included in the invention. 

SPECIFIC EXAMPLE I 
Materials and Methods 
5 Isolation and Characterization of Microsatellite Loci. Established protocols 

were used for the cloning and screening procedures as described (Sambrook. J. et 
al.. Molecular Cloning. A Laboratory Manual (2nd ed. Cold Springs Harbor; Cold 
Springs Harbor Laboratory Press) (1992)). Genomic DNA was isolated from a 
peripheral blood sample from a Labrador retriever and partially digested with Bam 
10 HI. Size selected fragments purified from agarose gels using QIAEX beads (Qiagen 
Corp.. Chatsworth. CA) were cloned into the phagemid vector pBS (Stratagene. La 
Jolla. CA) to construct a library of average insert size of 600 bps and propagated in 
the host XL-1 blue. The library was plated at low density (about 500 colonies/plate) 
without amplification. Duplicate nitrocellulose colony lifts were prepared, denatured 
15 and hybridized with (CA),^ oligomer, labeled with '^P dCTP using terminal 
transferase. Positive colonies were picked with a sterile pipette tip and lysed in 50 
/il of a solution consisting of 1% Triton X 100. 20 mM Tris and 2 mM EDTA. Using 
primers complementary to the T3 and T7 promoter sequences which flank the 
cloning site, the inserts were amplified from 1-2 //I of the colony lysate in polymerase 
20 chain reactions for 30 cycles of 94. 55 and 72-C at 1. 2 and 3 min.. respectively 
after an initial denaturation at 94»C for 4 min. The standard buffer, nucleotide and 
primer concentrations were 50 mM Tris-HCI (pH 8.3 at 25''C). 50 mM KCl. 1.5 mM 
MgClj. 200 dNTPs and 40 pmoles of each primer in 100 //I reactions. PCR 
reactions were canied out on either a Pericin-Elmer Cetus (Peridn Elmer. Corp. 
25 Nonwalk. CT) or an MJR PTC-100 thermocyder (MJ Research. Watertown. MA). To 
carry out secondary screenings of the clones, aliquots of the amprrfication products 
were run on 1.5% agarose TBE gels (90 mM Tris, pH 8.3. 90 mM boric acid. 2 mM 
EDTA). Southern blot analysis was carried out on the gels after transfer to 
Gene-Screen Plus membranes (NEN. Boston. MA) using the alkaKne transfer 
30 protocol. The membranes were probed with (CA)„ oligomers. 3' end-labeled with 
digoxigenin-dUTP using terminal transferase. A chemiluminescence detection 
system based on Lumi-Phos 530 as a substrate was used to detect positive 
hybridization signals following the recommendations included in a commercial kit. 
Genius (Boehringer Mannheim Corp.. Indianapolis. IN). The membranes were 
35 washed to a final stringency of 0.1 X SSC (1 X SSC = 15 mM sodium chloride. 1.5 
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mM sodium citrate) at 65°C. The blots were than processed for immunological 
detection as described by the manufacturer. Once a clone was confirmed to be 
positive, the con-esponding amplification product was then purified using QIAEX 
beads (Qiagen Corp.. Chatsworth. CA) after electrophoresis on TAE gels (40 mM 
5 Tris acetate. pH 8.3. 2 mM EDTA) and directly sequenced using cycle sequencing 
(Delta Taq 2.0 Cycle Sequencing Kit. United States Biochemical Corp.. Cleveland. 
OH). The sequencing reactions were carried out according to the manufacturer's 
instructions with the slight modification that T3 and T7 primers labeled at their 5* end 
with '^P ATP (NEN. Boston, MA) using T4 polynucleotide kinase were used as 
10 sequencing primers. Sequencing products were analyzed by electrophoresis on 6% 
polyacrylamide gels containing 8M urea. The gels were dried and exposed to 
X-OMAT X-ray film (Eastman Kodak, Rochester, NY) for 1-2 days and developed. 
Primers flanking the repeat motif in each insert were selected to minimize hetero- 
and homedimerization; occasionally, the computer program Oligo (National 
15 Biosciences. Plymouth. MN) was used to help in the primer selection. The primers 
were synthesized by the Michigan State University Macromolecular Stojcture Facility. 

Dog DNA Panel. To check the usefulness of microsatellite markers within 
and across different breeds of dogs, a dog DNA panel was established. The breeds 
to be included in the panel were chosen wfth consideration given to the diversity in 
20 origin and function of breeds that exist. Table I presents various characteristics of 
the breeds chosen for the dog panel (Alderton. D.. The Eyewitness Handbook of 
Dogs (New York: Doriing Kindersley) (1993); American Kennel Club. The Complete 
Dog Book (17th ed. New York: Howell Book House) (1985); Clark. R.D.. Medical and 
Genetic Aspects of Purebred Dogs (Forum Publications, Fainvay, KS (1994). 
25 Walkowitz. et al.. Successfuly Dog Breeding (2nd ed.. New York. Howel Book 
House) (1994); and Lee. M.P.. The Official Book of the Scottish Terrier (Neptune 
City. T.F.H. Publications p. 158) (1994)). Five to ten individual dogs from each 
breed were selected for inclusion in the panel. Pedigrees were investigated to 
ensure that only dogs that had no common ancestors through four generations were 
30 included for independent representation of alleles. Ten. apparently unrelated, mixed 
bred dogs were also sampled. DNA was isolated from peripheral blood as 
previously described (Sambrook, J et al.. Molecular Cloning A Laboratory Manual. 
(2nd ed.. Cold Springs Harbor, Cold Springs Harbor Laboratory Press) (1989)). 
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Analysis of Microsatellite Variability. Amplification of the correct target was 
verified by comparing the product obtained from genomic DNA to that obtained from 
the reference clone. The variability at each locus was tested by amplification of DNA 
from the dog panel. PCR conditions were 35 cycles of 94*'C, optimal annealing 
5 temperature (50-60°C) and 72**C at 1. 1, and 2 min., respectively after an initial 
denaturation at 94*^0 for 4 min. in the standard PCR buffer conditions described 
above. 100 ng of genomic DNA was used as template in each reaction. 10 //I of the 
PCR products were analyzed by vertical electrophoresis using a modification of a 
SDS-PAGE (sodium dodecyl sulfate-polyacryiamide gel electrophoresis) protocol 

10 (Laemmli, U.K., Nature 227:680-685 (1970)) as described previously (Tas. S., Anal. 
Biochem. 188:33-37 (1992)). An HSI SE600 vertical slab gel electrophoresis system 
(Hoeffer Scientific Instruments. San Francisco, CA) connected to a cooling unit was 
used. The gels were poured between 16 x 16 cm. plates using I mm spacers. 1.5% 
acrylamide stacking gels of 2-3 cm were used on top of 12.5% acrylamide 

15 separating gels with 30:0.8 acrylamide to bis-acrylamide ratio. The gels were run 
at 40 mA through the stacking gel and than at 70 mA thorough the separating gel 
until the bromophenof blue dye reached the end of the plates, for approximately 4 
hours. The amplification products were visualized after silver staining with the Silver 
Staining Kit (Bio-Rad Laboratories, Richmond, CA). This procedure resolved 
20 differences greater than or equal to 4 bps in the size of amplification products in the 
75-250 bp range. 

Results 

Screening 1 1 0 plates resulted in the isolation of 1 064 independent clones that 
were confirmed to be positive on secondary screening. Using 600 bps as the 
25 average insert size and 500 as the average colony number per plate, it was 
calculated that 1064 positives reflected an estimated incidence of one CA repeat 
clone every 31 kilobases in the dog genome. 

The first 14 CA repeat ioct for which primers were designed are presented 
in Table 2 together with the optimal annealing temperatures. 
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The complete set of microsatellite markers is set forth in Table 2A below. 
These markers were identified and the primers designed as described above. 
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Table 2A 



Marker 
Locus 


SmSeqatncc 


Asn wcjucnoe 


PGR 

Product 


Motif 




1 CTAC 1 C J ] OT ATTCC ATCAAT 


attttccccattctcactcct 


242 


(OT\2l 




1 TGACATAAGCTOTOAOAAGAC 


ATTGAAACTOATAGAGAAGAG 


140 




i*:«:»niM 


1 TACGGAOCCCAC ACT ACTOA 


TCCAAOOOAA0TCATAOAAC 


226 


/riTM 1 




1 Afffi rri cPAfifiTCTflfiTrnccAAO 


TATCCCAGAOCTTAOACCCrOGCA 


174 


rflTM 1 


tSSSSM 


1 mrXO ATGGCTO AATAATA 


OAATCGATAAAOAAGATOTO 


t2 


(GT)I4 










_ (GDI 2 




1 AGGGTGCCTAACTO ACTOAOCC 


1 1 ICAAAATGOOCiriCCTri 


162 


(AOI7 




1 AvjOO 1 1 AAw 1 OAC 1 O AOCL. 


111 W AAAA rOUOC ill CWi 1 1 


162 


(AC)I7 


O00213 




LA, 1 OCA 1 LXi AAd, I OC 1 J Lr 1 


127 


(CA>10ACT(AC)12 

/A A\A 


O002J7 




IwlVII Ai iCAUAlU Ivi^l Awl lUOl 


281 


TI I A2G(AT4XAT 

^\^/ A*T*^\ / A f^Vt fl 

A 1 42jL.^Ay/l 0 
^^GA)I6 




GCACCACTTGTAACCCTTOAAC 


TCGCATAGGATGATGAATAATA 


181 


/r*AWTA/CA^I ? 


0)0403 


ATGGAGCCTACTTCTCCCTC 


GACTTGCTGTATTCGTTACACT 


123 


fTGMl 


C00412 


ATCACTCCATTCTGATTGGCTATC 


GAAAATGGCAGTTGTACCTGAATCT 


209 






ATCACATCCAAATCAAGACTAT 


TGTCCTATGCCTGTCCTATTAT 


172 






TCACJi lACCTTACTTCACCTT 


AGGOCAACTTGGTTACACATTA 


109 


fCADTfAC12C2fC 
A)6 


C003Q3 


CAGAGCCTTCAGATAACAOTA 


ATTATTcnTcccrrrrcTAC 


230 


(GT)9T(TO>4CrA>4 
(TG)7 


C00506 


CATATCCATCCTCCTAAACTTTC 


AGTGCCTAAAACTAACAGAACTG 


173 


fGTi2ArGT>9 


C00602 


CCAGGAAGTTATGATTCTAAATGT 


GAGCTTGCTTCTCCCTCTOCC 


214 


fAQ7fAG)8 


C00603 


CTTTTCCTATTGTCACAAATO 


ACAOATGAATGAATACAGTTG 


107 


(TG)12 


G00607 


AGTCCCACATCOGGCrCTCT 


TGCTGGTTTCTCTCTTGTGTCTTAT 


169 


(CA)9TA(CA>4 


C006I3 


GTGCAGCCTGCrrCTCCCTCTG 


CrrcCAAGTCCAAACACATAGC 


191 


(G-n7(A3-nn 


C00802 


TACCTOAGTCAGTTTACCTAOCA 


GTTTCTACAGTCAACCAGATC 


183 


(GD19 


C00803 


TAAGAG7TAT0CCACTTGACC 


ccaoogaagacaccagtatatga 


100 




C00901 


taaaggtccattgatagaoga 


TCATCCCAGCACTTCATTCTT 


lOS 


AC) 12 


COO902 


G AGCCTGCTTCTCCCT C TG 


TGTTTCTTCAATGACCTTTCAG 


175 


1 if 


COlOOl 


atgggctccaagaatagca 


ACCAGAAACTTCATTGTCTCC 


219 


GA)12 


C0I003 


gaagtaaatcaacaaacaatca 


CAAGCAAAAGTATAAGAGCTGTG 


87 


AC) II 


C0120J 


attctttctatggctacgcagt 


TGAGTTTCTCCCTCTTTCTCT 


150 


fGT^Arrc\5ArrG 


C01207 


ACACCACTCTGCTCCCTCTT 


TOCCTTCAAATGAACAATGA 


84 




C012t2 


aggtcttctcactcctcata 


CTCCCTCTOCCTGTGTCTCT 


115 


rcA)io 


C0i304 


ctoagcaagacccataccacit 


CCTCCCCAGAACAATCTATTTC 


180 


rrG)7TAfrc)4 


C0I303 


GCATGAGATAAGACACCACCrCTT 


TTCATTTCCTGCCTCCTGTG 


136 


(GT)9 


C0i4Q3 


gaogctgacaactgtttocta 


GGAGATAAATGATGAGAACTCA 


284 


(AT)2T(AT)7CA(G 
A)4-^CA)7(OA)2( 
CAM 


C0140^ 


GATnTATrCATTTATCCATGAC 


CTCCCTCTOCCTATGTCTCTG 


107 


(CA)16(GA)I6 


C0I406 


tgotgaaagtaactaagaaca 


tccctctgcctatgtctcto 


ISO 


rCA)16(GA>t7 


C01409 


GTTCTTCCCCAATGGTAnTA 


TTGCATAAGAGCCAGCAAACT 


246 


(CA)6A2{CA)3 


cot 303 


TCTGCCTATGTCTCTGCCTCT 


ATAAGATACACGAACCATTAGCC 


109 


fGDII 


C0I60I 


CCTGCATGGAGCCTOTrrCTC 


CATTTCTGGAACACATACTOOTA 


143 


(GT>7 


C01606 


ATGCTOTTGATTACACAGACC 


ATCACTTCCTGGTATTCACAC 


109 


(GT)19 


C0180] 


TCTGATTTTCACCCTTAGAAC 


GCACTTTTCCTGTCTCTCTT 


144 


(TG)I0CGT)9 


CO] 803 


ATGCAAGTTCTAAAACCATACTG 


TAGTGAAGACAGGATTGTGTro 


137 


(TG)19 


C0]908 


ATCAAGTCCCACATCAOCAOCCT 


AGTGOTATGAGGGGCATAAGGAA 


189 


(GDIO 


C02005 


GAGTAAAGAAAGAGTTTGAACAAT 


AG7TGOAGAAATOAGCAC7TA 


146 


fGDIO 


ca2m 


ATGTCAGOCTCCCTGCATGO 


GTTAAATGTAAGATGTC CAGCCTTT 


149 


{CT)40T(CT)6(GT 
)6(CTO 


C0240] 


CCAGACCCAATOACATCTCC 


ACCCAGGTGCCCTCTTATCC 


236 


(GT>I8 


C02309 


TGGCCTAAACACCTCTGACAT 


TCGOATACAAAGTAAATOOAAC 


189 


(CA)18 


C023U 


GACATGATTACCACATTCATC 


GTACAACTGAACAGACTGACC 


97 


fODl6 


CQ2601 


CTCCCTCTOCCTOTOTCTCT 


TGTrAGTCTTAGCCATTCTQA 


144 


(OT)8(CI>3-«(CA} 
12 




CTCACCCAGAGGATOCTTTOAA 


TTAACCTCAGAACATGOCACAA 


190 


fCA)17 




AGGGAOCAOCTrrGTGGTTG 


rACTTCTOOTCCAACAnTCC 


110 


fGT>19 




OAGTGATTCTCATTCAAAAAOGGA 


rCAAGGGCACnTCTACTGTOTA 


116 


fGDIO 




CTCTGCCTACOTCTCTCCC 


CACCAGTATOCTGATATAATTCT 


142 


fCA)U 




rCTCATTCAAAAAGGCACATGC 


Vri CAAGGGCACm CI ACI U 


109 


rc-nio 
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C02712 


GCTTOGATCCTATTOOCi L^A _ 


CAA 1 OAL. 1 J LnJW A^AC 1 ACA 11^ 


156 






CCCTGCATAOAGCCTCXrn CI 


AGCrni GCI7 ATI Ai AT UC 11 G 


W 


(GT)6(CT)2CAaO 
^^rro^/A#kT\ 


C03S05 


GACAAGAAOAOOTATuAUAOC 


lull UAU 1 U 1 njWJ^ 1 1 W>^^AU^ 


118 


fPA\n 

iS=AlI2 


COXi06 


TCCCrCCrCCiCTuTCTwT 


CTAf* A PfTTflTOAAA/^ AfV*A 


159 


IVJ 1 |l IOAUvAJT4^ 

fCT3\A£rrA3^3/T 
A3) 






TGTCTTTCCCTCAACAAGATC 


167 


rrcuTGrrc^ 


UMyi ■ 




GGGTAGATAAAGACOTGTAAG 


132 


/CA)I6 


onooi 


TTCAGAGTTAATCATGCrrAOG 


GAGATTCTCTCCCTGTACCAC 


133 


(OT>7fGA)l7 


C03102 


ACTTCjTO 1 1 ill! ACU 


rrrnrcTTTATfinACTTTAi^A 


!0S 


tC A'^T Atr^ AW < 


C03ICH 


TCCCTCTOvCTvf 1 0 1 U 1 CI 


ATr* A ATr: A A A p A AA A A A P ArST A 


IA7 
I* / 


_iGT)19 


C03109 


f^f^r^r* A Tf\r\ a a^e^^tv ■ i ■ Fi • 
CCTUCA 1 uOAUCWi (A- 1 1 CI i. 


^ AC A fy? A ATT AAAC AAT A fS A^^ ATT 


■ SJ 




CQ330i 


CCATT CCA.AI AuAUMA«AA 


ArTTAfv^^AnAfTnnAAAO 

AwC 1 AU«A«AWUAV 1 UWIVIAbM 


IIS 
1*5 


VC A// i A 

fCA>ll 


003303 


TOAGTATTATG At-Cl trO AuOO 1 


T/^ A rsT A rsrsTTnTfiTfT A ricn* 


0*7 

y ' 


/rST\ 1 1 r'/Trtl < 


003303 


1 J » 1 r< A A ^ ATA/^A A^A A /^TTI A ^ 

TCTCAATUATAL.AA(jAAd I UAL. 


1 CCAvl 1 CACCw 1 CC AALTA l\Jt 




/ATM l/TA^9/^*AM 

5 


C03304 


ATTCW*ATf*ATTfY*ArTnf!TCA 


TGG AGGOAGOTTAAATCTOAAt^ A 


93 


(AO) 16 


C0330g 


TfS AT A ArSAflTfl!TfiAAf*AfiAfiAAOA 


CTAGGAGATnjTACAGGTGCT 


273 


(GAy*20 


C0340I 


OOTCATCTTTATACCATCAATTAC 


CTTTAATCCTGOCACATGCTAT 


10^ 


(OA>10 




CAATTCTCTCTATGCCTCnrCT 


T^^TTPTTri ATTP A <^ A fVf* A A Tf*T 
id ICl lOAl 1 CA^AWCCA/vl C 1 


1 / 1 


1^1 U^V-^^l o 


C03501 


TCGGACATGGAAACmTGTAAGAC 


tctagtcgactgttctgaa ri \c» 


106 


I >4 ( 


C03i07 


ATCTCGTAATTrCCCATAATACTTA 


atcaaotoccacatcagact<*c 


161 


)6(GA)6 


C0330S 


TACTCCAATOGCAACAGTTTA 


CCTTAGACCATCTACCTCTTTTC 


110 


(CA)5G(CA)17 


C03309 


CATTCTGCTCATCTCCATAAG 


gccacaactaactcatttotat 


18S 


(CA)15 


C03510 


OCTOCATGGAGCCTGCTTCTO 


TCGCrATTTATOGAGCATCTCTT 


156 


(GT)19 


C03313 


GAGCCTGCTTCTOCCTCTG 


GAGACOATAATTCACAATTCTTC 


113 


(TC)13ATOA2T(A 
3)T3«^Aii 




1 AOCCTGCTTCTCCCTCTGTC 


TGTTOCTTACCCrrCTGTTAGA 


151 


(CTO(GT>I0(CT)2 




1 ACTTCCATCCACATCGTTGCA 


AGAAAGAGCCTAGATGCCCAT 


141 


(GDIS 




TGCTTCTCCCTCTGCCTOT 


GGCTOTAAGACGCAGATTTOT 


134 


(AC) 17 




ACATTGOCTTCCTGCATOGAO 


GGCAGTTTGGTCATGTCTATCAA 


337 


rrG)19 


CQ3S15 1 OTCCATOO AGCCTCCTTCT 


AGCTTAGCACCCTGCATGGA 


161 


(CT>6 <TA3)3a 

A3VT2A4VTA3)4 


Kmm 


TACTCCTCATGCAGCCrrrCA 


TATGCTGATTCCACCTACCTC 


83 


(CT)13 


Kw.m 


TCAAATCAAOTOGTGTTTCTGT 


GGATCTGATAATCCACTTTAGA 


71 


aG)8 


Kmm 


CAAGGGACAGACAAACAAATCAC 


TGTAAGGGCTGTTACOTCTAATC 


333 


(T013(AC)12 




GGCTOTCCrrATCACACTG 


AGCAACACTTGACATTATTT 


135 


(OA) 13 


C04007 1 


ACCAAATCAGCCACTTAGGT 


CCTCTOCCCnrCCTCTATC 


109 


rcA)n 


054103 


AATCOTCTCGAAGGTGAATGATA 


ATGOAGCCTGCTTCTCOCTCTO 


324 


(CA>8(OA>4 




CD4107 


TCAGCAACTATACATTTAAGAGCA 


OTGTOCCATCTAAAGGATAGG 


160 


((GT^GA/GT)1 1 




C04107B 


ATCOAGTCCCACATCCTTG 


CATTTACTGGTTTGTCAGTTAGG 


120 


(AG)1 1 


['.".Wtit 


TGGOAGATGAAAACTATCCTC 


CCTCTCCOTCAAGATAGATO 


250 


(CAIll 




GAGTTCCi ICl iCCGCATOTAG 


ACTATTCAGAAAGCAGTAOAACOT 


130 


(GT|6A3(GT)I4 




ATCCTAGTTAGGCATGTOCrr 


GGTAAATTACAGCAGGTOAT 


305 


(GA)2(AOtl 




TGCTTATTACTCAGCAGACATC 


GCTTTTCTTTCCTTOAAATAO 


168 


(07)21 


IC0460IA t 


AGAACOTATCCAGCTATTATAGTG 


CTCTCAGATATGACCAACOTA 


214 


(TG)18 






ATATACTTTCACTCTCCATGCAA 


AGAAGAGGAGTCnTGGATG 


139 


(TG)18 




CAGTTGCTAAGACGTAGOTC 


GTAAATGATTACCATAATAAGGT 


114 


(CA)13 




C047J6 1 


TTCTCCCTCTOCCTATGTCT 


AOCACCCTGOTACTGTTTCT 


133 


(CT>3(GT)9(ACTX 
ATC)An'A3)2CTAt 
yT3A12) 




C04802 1 


ttaccaagctaagcctggca 


TGGAACCATCACTGAAGOGA 


150 


(C6AXC67XAC)20 






AGACCACCGAATGGATGGAGT 


TCGAGTAAGTAGCAATCCTCT 


144 






CTTTGGTCTCTGGTOGCAATAG 


TGGACTrGTCATACACCOCACT 


207 


fOAM7 




C04806 lOCCTCACICATCATCATmC 


GAACAAGAGATTCATATITCCTATCA 


180 


rrc)i« 




C04903 t 


AOTGCAAATAACCTGTAGAGTGCT 


ACCAATCAOCATrCCCTCATTC 


\yi { 


rAC>16 




C04904 


AAGACTTCACCACTCACAGTCA 


CTGGCTCAGTGTOTATGAATG 


143 


rfCA)6T(0A)n 




c:o3ioi 


CTOTTAACCGACCTTCACACC 


AGAACTTGCTTATGAAGTCATOT 


208 { 


fAC)15 




C05I02 . 


\AGCTGTGATGTGCCTCTCAAC 


CAATGGGCAGAAACAATGAGGA 


171 ( 






205103 i 


ITTGOCATITATCTTCATTGT 


AAGACGAAAGAATCTGTGAACT 


196 ( 

< 


GT)|6T(GT)2Aa' 
3)5 




cosno 


rGGAOCOTGCi i 1 iCOCTCT 1 i 


^^CCCTGAGACCATGACOTAAG 


185 ( 


Cn5(GT>8 



SUBSTITUTE SHEET (RULE 26) 



wo 97^101 1 PCT/US97/02396 



14- 



Table 2A (cont) 



1005112 iOTACTAACTCCTTGCATTTCATC 



IC0530I ICTGCTTGAACACTGCCATC 



[C05204 
1005203 



OAGCCTGCTTCTCCCTCT 
I ATCACO ACCCTOAACCTAAO 



GGCACCAAGTCTTTTCATGTAAT 



GCtCATGG AGCCTG C 11 CI C 



TACCTGTCACCATACATAGT 



II ! Ill I \ \\mm 



164 



MCA)lg 



(crn2(cmi4 



CCTGCTTCTCCCTCTGCCT 



224 



(AT3)10 (AT)3, 



|CO5206 
1005302 



I TGACCTTGGOAAGCTGOAO 
I OAOCCTG CI 1 C I CCCTCro" 



CCATCAGTGGTOTTATCTGTA 



151 



(GA)2G(GT>I4 



CCAGGATTTGGAAGGTTCT 



178 



IC05303 
|C05305 



i ATCAAAOTOACACATCATATT 



TOAAAGGACGCTGAATTGG 



132 



(AC)I8 



ITATTGCATOCTGCTTCCAOA 



CAGCCACGTrGGCC X ' l I CI 



105 



(GDI4 



tC05306 lACAATAGCCTAOATATGGAAGCA 



IC05307 ITGAAGTAGTAOCCTAACTGACA 



GCTGCAAATAOCAACAATTCAT 



148 



TAATCCTAATCCACTCTAATGGT 



300 



(TA13(CA)I3 



(AC)15 



iC0540l 
|C05403 



CGGTGCATGOAGCC IO CI IC 
i GGTGCATGGAGCVI GC I ICT 



CTGAACCATCCAOATGTCCAGA 



152 



IC05404 
1005405 



I CTGTATGGAGCCTCCTTCTC 
I CTAAACCACTCAGCCACCTG 



CACCTACCTCCCCTTCTOCAA 



CCTTGAAGGATATTOTGTCC 



14] 



138 



(Cn3(GT)l3(CTO 



ATCTGTAACAGAAGOCACTAA 



263 



(OA}2(CA)6TG(CA 



■C05406 
1005407 



ICAGGGATCTTGCl i rjAGCAT 



ATTCATGTnTOTCAGATn: 



280 



(TG)3TAfrG>7 



t ATrATTACTGCTGGCTTATTTAGA 



I TCATGGGTCTAAGTGTTrOGA 



101 



(CA)8 



fC05409 
lC05410 



t CGCTGCATGGAGCCTGCTTCT 
I TITCAGTCC AGCCAAATGAAC 



GGGAGATAGACAATCACCAAAT 



231 



(CD15fGT17(C-n2 



CCTGGGATGGAGCCTGCTrCT 



183 



( CA)8 



1005414 IGACTCCCACATCAGOCTCC 



IO05415 IGCCACCCAGGGATCTTAAAT 



GCTGTTTACACAAAAOATAOAAG 



150 



CCATTACCTCACATGGTTAOTT 



IAC27_ 



1005503 ITACCACTC70CTTGGACAT 



IC05504 
< 005505 



I CTCCACTTCCAATTGCCCTT 

i aatctotoaaatctcctc55at" 



ACTAATTCCAATGTACTGTTAO 



163 



AAGTACAGGAATTCTGTTATOAG 



234 



(AC)9 



fCA)2G(AC>8 



CTCTGATTCCTCTAG I 1 ICI I l OCT 



243 



rrG)llT3fGT>l 



1005506 I CACATOGGOC AATTCCT AT AA 



GTATrGCTOAGGATrCTOOAO 



136 



i C05509 \ TGTCGGTAGCATAGOATAGAA 



tOO5601 ICTGCTTAGAGTGCTGTAOCAO 



CCTCAOTTTTAOATGAACTOA 



(CT)17(AC)7C(CA)| 
10 



78 



1005602 
1005604 



I TCTAGAGGATCAOATGOAA 



OTOAGCTOCTGOAOACTTCCT 



168 



(CA)14 



CTTCTGGACTCCTGCCTTCC 



105 



(AC)19T(CA>4 



(TO)l3 



CAGATGTTOAGAATGAnTAATAG 
( TATAGTAGGAT 1 C 11 GTGGTTG 



AOOTGATATGTGGCATGTTOT 



227 



fATVKGT)? 



§005606 



i C061 05 I aataatgaaaacagccaactt' 



ATOGAGTCTCACATOGGOCTC 



194 



ATCATAATGATTGAATGAOAT 



(AC123 



98 



(GT)12 



1006106 
1006114 



I AATAATGAAAAOAOCCAACTT 



TTATTTAAOOOACTGAGCTAOC 



15} 



(GT)\7 



j CTCOOTOTGCOTCTGTCTCTG 



GGOCTCTTCOTTTGTATCnT 



140 



(GT)14 



J 006201 
1006204 



I TCTOCTTOTGOTACTTCTOO 



TAGTGCrGGGCTTGAAAGAG 



138 



fA3T)ll 



I GGCTGCCOCTO AC AOATATT 



ATAAOATOTGGATTGGGTOTA 



105 



(OA)tOTArOA>8 



1006213 
|C06216 



i OTGATATAGGT AAGTTGC ATTTTG 



OTGGAGCOTnTAAGGTCATT 



177 



IGT1I4_ 



t ACTOTCTTCOTGGCTTGTAGATC 



TAGCACTOTCCCOTTCOCCrrrA 



167 



12011. 



1006404 
1 006405 



I ATC AACOAO AOGCTOCTTCTT 



TGGGGGAGTAGCTTCATTTCTG 



128 



gen 8 



1006406 
1006504 



I G AAATGAAGTTATG AAGTTTTG 



I AOCAAATGTOAATOAATAOATG AA 



AGGGATTAGTGAGTTGTTTAOO 



143 



OTAGACCCATCCATGTTGTTO 



131 



(0A)16 



I CCTOAATAGAGCCTCOTTCTCO 



TGTrTATrOOOOATTTGGAAA 



214 



(OT)6(G7^7AT(GT I 
)2(OT>2CATG(AnT| 



1006508 
1 006511 



OOATG AATGTTGAGTCTCTOATA 
I ATAGTGAAATTGOOCTAGTCGT 



GAGOATGOTTOTCCOTOTG 



186 



(OA)8(GA)13 



TATCATAOTGCCCATTATGTO 



114 



1006513 
1006602 



TOTroOTCTCTOTGCCTAAT 
\ ATOCrTAO ATGTAG AOOCTTAG" 



CTTTCAATCTGTTGGTGTCTAT 



161 



fCT»9fOA)10 



TGTOATCCAGGCAATAGAACT 



137 



1 006605 
1006610 



j TOCTCCTTAOGC AOTGTAOOC 
I OTOAOAATOAGOAGCAGGTGOC 



GCATCACAGAOGTGTCAGOAAC 



131 



GTTGCTAAGTrAOAGAOATCAOCA 



206 



(CA>10 



i CO6905 » CAGAAAOTCAGATGTCTOAAAAGTOC 



i CO7O02 I TTCTGO ATGAAOATACCTTO" 



ATGCOATCTTOTGATGCTCTTC 



TGGTCAGGGGTAGAAGACTG 



166 



81 



<OT>l4 



fGT)12 



i C07003 [ CAOCCTGCTTCTOCOTCfcc" 



IC07004 
1 007010 



AGTTTGAAOATCOTT AAATTGAT 
I CI AGITCCATCOAOATOAffG 



OTATTAATGGATGGATTOOA 



156 



AATGCAGAATOOAAGAAATAGAG 



118 



fOTO5 



OD12 



AOAGTCOAAGTGTCOATOAAO 



138 



fCA)l5 



ICOTOJI I TTCrcCCTCTGCCTCTOTcf" 



GTATCmTATAOCrrGGAOCTAT 



215 



<OT)6(Gr)]5(AnTo| 
)8 



■C070I3 
1 007102 



I GAAGG AAGCC ACCAGTAAAGT 
t AGTOAOAG AGGGCAGTGTGG 



TTCTTAGAAAGAOOOCAGTA 



138 



(GDI I 



[007104 [GTAATOTOCATTCAACACAAnrnA 



AOATOOOCnTA Al I iUI I IC 



18 



OGOATATAAAGOTGGGGTATT 



87 



(OT)17 



(0A>9 



[007108 I TGCATACAGTATCAATTTCfOA" 



[C07212 
1C0730I 



ACTATATTGACAAGTATGCACAAGA 
i G ATAG ATG AATGG ATAAAG AAA 



GGATAGAGTCOOAOATOOG 



GAGCCTGCCTTTOOCTOTO 



168 



83 



< GT)10(GA)9 



(CAMP 



i 007302 i ATOACTAAACC ACC ACCAGAC" 



TTAGCATAAOAOTCTOAAGTT 



135 



AGGTAAAAGGCGAAAAGAAOTT 



129 



(OT)U 



(CT>9 
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Table 2A (cont) 



C07304 


CAOTTACATATACCATTAOCCA 


TGCCTCCTCnTGTCrCCA 


109 


(CA)7TACG(CA)1 
0 


C07308 


ACATTOGOCCTAATTTAATAGAT 


GTCCTGOAGACCTTATAGTAGACA 


127 


{CAMlTAfCA)3 


C07403 


TGCCATCTTCTOATOCTCrrc 


TCGTGGTTCTTCTGCAATCTG 


134 


(CA1l4mA)10 


007407 


TCATTCATCAAGTCCTCACnTAT 


CTTATGOGCTGOAGGTCTOTA 


121 


(CA)15 


C07413 


TTCACAGCAOOOAAACrCTTATG 


ACCCCATCAATCAAGAGAAOTTA 


120 




C07415 


AACTOTOTACTTOCTCTTCAT 


ATTTAATCGACTGAATGTTCTC 


101 


(OTV 


007302 


CATCACCCTCAOACTOTTAGTCTT 


GCATTCI nc IGGTGGO AOGA 


180 


(ODll 


C07902 


CACTCATGCTGOAGGOTGAO 


TGTGACCAGTCTGTAAACTAC 


91 


(CD14 


C0SI03 


CTTGGAAATCTAATGTOTOTA 


CAGTTGTGATA lU 1 G] lil GAG 


91 


(CA>12 


C0S202 


AlXriTCT lAGCCAGTCATAAATC 


TTTOAGOTrOGCATGTTCTCTA 


203 


(GT)13 


C0S204 


TCATCTACncCTGTOTAOCC 


GGACATAAGAGGATGTGAOAA 


113 


(CA)21 


O0t4U 


AAGCAGATOCTCAACCACTOT 


GAGGATCCAGTCCCAGGTCAG 


174 


(CA)13 


C08413 


ACTTAACTAGAOAGCGTOTGACT 


ACCTACTTGCGTGrnTAAGO 


133 


(CT)13 


COS60I 


ATATACTTTCACTCTCCATOCAA 


AGAAGAGGAGTCTTTGGATG 


139 


(GDI 8 


C0B608 


CACAGAATACTGCAACTCATTTAG 


AGAATCTTATTGGTTCGGTTTGG 


135 


(GT)18 


C0g903 


AACTGACATCAACAGTCTGATAC 


CGACTCTAAGATCGAGACCTC 


186 


(CA)16 


C09004 


CTACATGGAGCCTOCTTCTC 


TGAAGAGGAATGGAATGACTC 


138 


(GT)II 


CO9107 


CCTCCATOGAOCCTGCTTCTC 


ACAAATAGGTGOTCACTTACTGAA 


150 


(CD\MOTP 


C09109 


TGGAGCAAGCACTTTCTATAAAC 


GAGCCTGCTTCTCCCTCTO 


148 


<CTi\e (CA)8 


C0920S 


CCTCAAATAATCCAAGTGGCT 


CAATCCAOTTATGAAATGTTCAC 


123 


CG-HM 


C09210 


GCTGGCTCAGTGGTTTAGCA 


GGTGGTTATGATTGTACTTTCTG 


149 


(CA)I8 


009211 


TCACCTACTGAGATACTTCCAT 


CTGCCTATGTGTCTGCCTTC 


204 


(CA)7 


C09213 


TTTCACCTCTGATTATATCTAGG 


TGCATGGAAGCCTGCTTCTC 


140 


{AC)I8 


C09215 


CCAGCAATAGACAATOCXXA 


AACCCTAAGACCTTTGTAATC 


255 


(CA)I2 


C09217 


CTCTGCATAATCCCTOCT 


AAGACTA7TTATTTATTCATAGAC 


80 


ao)ii 


C09220 


CCTACTOI I I iCTCTATTGGCA 


CTGCATAAAGCCTGCrrCTCC 


165 


rCAV4TA/CA« 


C09303 


TCTGTCAATGCATAAOTGOAT 


TCCAGGTTTATTCAAGTAGTTAC 


129 


(CA>13 


C09304 


CTAGATTCATCCACXrTCACTG 


CCATCAACTGATAGOGAAOAT 


129 


(GT)12 


C09305 


TTGCCATCACTGATACAAGT 


TTATTTCTCTTGCATAAATAGCT 


181 


(CA)9 


C09307 


TTACCCTTGGCTATCTATCTAT 


CTGTTCCATCi 1 1 ICCACCITA 


164 


(0-n5O<GT)l2 


C09309 


TGGAGCCACTTTCTCCC7CTG 


TGTTrCTTGATTTGGGTGGTA 


Ml 


(GDI 5 


CO9310 


TAGAGCATCAGGTCCCACGTC 


GCAGTGCCACGAATGAGTCA 


264 


(CDU (GD17 


C09312 


AACTGGAAAAATGGATAATCAG 


TTGCAAAGATATTCACATTCAT 


144 


(CA)9 


C093I4 


GTCACTAAATTCACGTTA1TGA 


CTnrCTCAGTGTGTCTCAGAA 


228 


(CA«0(CA)6 


C09403 


ACATTTCAACCACGAAATrAGGAA 


CTTOAOACTCTCTCTCCTCTGTCC 


182 


(CA>9 


C09407 


TOTTAATCTTCCTAATCTTCCAG 


TCCACTGTTATTGGCATCACAT 


104 


(CA)16 


C09413 


TGGAGCCTGCrrCTOCCTCTG 


GATCCACATCCCTGAGCTCA 


202 


(GD9 


C0960I 


TGOAOCCTGCTTCTOCCTCT 


TCOTTCAAAGOACACATCAAGGT 


138 


(GDI 7 


C09607 


GCTGOTTCnrCTCTATTTATAC 


TTCAAAOCTAGTCACTATTAGCA 


131 


(CA>13 


C09609 


ACTCCTOGI JCi 1 ICTCTATTT 


GOTAAATACTTGAGCAATTAACATT 


102 


(CA)12 


C096I0 


CTAGCTTGCTCCACTGAGTTCC 


CAOATGCCTCCCTAAAGATOTO 


163 


fOD9 


C09703 


CCTTCAOGAATCTAGGGACAA 


TGTATTTCCTATGCAATATAOC 


152 


(CA)16 


CO9g03 


GTGCCTCCTTCTCCCTGTCTC 


CACAGCAAGTGAGAGTGAGCA 


156 


(GDIO 


C09806 


GTAGTCTGCTTCTCXCTCTCC 


TTCTCATATGTGGTAACTGAGTA 


208 


(CA)16 


009807 


GCCAAATTAACCTATATTTAGAAC 


AAGGCCTCAGACATCAACTATAAT 


176 


(OD6AT(GD3 


009903 


TCCACATCXnCTTATCTCTTG 


AACTCAGTGGGACCTTCAATA 


148 


(GD5AT(GD11 


C099I2 


AAGATGATAGCTTCGTCAAAGAG 


GAACCAGGTAATTCTTCTATTGAA 


135 


(CA>8AA/CAM0 


CI0103 


CTTGCGCTCCCTACTCAGTG 


GAGTGTGGAGACTGCTTAATA 


289 


(CA)ll 


CI0I04 


GOCAGATTTCTCAATACAGATTA 


TGCTCTCATAATAGACCAATCACC 


119 


(CA)12 


DOOIOI 


ACTCTTCTCCATCTCCCTCTGC 


TCGTrGGGGTTAAAGCTCTGACC 


150 


(CA)9 


D001Q3 


CTAdTCCTCAGCTTTCCAATG 


CTCCCTCTOCCTTGTCTCTO 


177 


(AT3>4».»(GA>4{C 
A)12 


D00IO9 


TGTATOCTCAAGGATTATCTOG 


TCTCTGTGCCTGTCTCTCTGOC 


127 


fCA)l7 


D0040I 


TGCCCTCACCAGGTCTATAGA 


GTGTGAATATGATGTGTCTAGAAA 


M { 


rCA)22 


D00701 


CCTGCATGOAGCCTTCTTTC 


rCTATGCTCATTAACCATAGTCTT 


ISO ( 


rCDI7 


D00704 


ATGGGGGAAAGCTGAAGGAGATCC 


TGTCAGACTGATAATAATGC * 


139 ( 


fCA)25 


001004 


rCCCTGCATGGACCCTOCTT < 


DAACCCAGATTCCACTTOCTA 


146 { 


rrai2*roDi2 


D01204 


rATCCTACCTCTACACTCCTCCTG 


rGAGAGTTAAGGGGGTTAATCG < 


189 ( 


CD20 


001205 i 


AGCATOATGCCCrrCAAOGTC ( 


3GATCTTTACCCGCATGTTCC : 


M)t ( 


CD2A2fCD16 


O0I208 i 


(VCTCTGACAAGGTTCTGGCG ( 


SAGTTTATTTTGCTGGTGTC 


130 < 


CA)12 


D012I0 1 


3CCACAACTACACAAATAACTAA 


rrCTACACTGATGAATGCGAGT : 


m < 


CA>>10 


D0121I < 


3CTTTTGTTCCCTTTAGTGA < 


3TTCATAGCAGCAATGTCCAC \ 


27 i 


CA123 


001212 ( 


ZATAATAATTCCCACCACTACT i 


SOAGCCTGCrrCTCTCTCTO I 


33 r 


CAn7 


D01214 i 


ITCATTCTAAAOCAACCTCTC 1 


TCTCCCTCrcCCTCTGCCT 3 


54 f 


CAWGA)6 
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ICCTGCATGGACCCTOCl ICIU 


AOOAGAOACTCCTAACTCTOGAA 


260 


aG)}7 


1001504 


IcTCCrrOTAOTCTAAaTAOOTC 
1 


CTOAcrooocACAcrroATcrA 


237 


cn})5(CAXToxr 
Ayrw 




1 CCAAOOOOTATOTrOTCTATTACT 


CAOCATOAAGGATCTCTOACTA 


157 


rGcmAon 


ll.MW.VI 


IcTCCCTCTOCCTAIOlCrCTOC 


TOCAACCAOAATATCAOTTOOC 


450 


fCnWOT)19 




1 CrC ATACrCAU 1 IXXACTCOOC 


CroOTOACAGAOOCTCAOATOC 


396 


rAC>10AO(Aa5 




1 0TAGAAAGCACTOAAOACATO 


ATTTOOTCACAAOATAOAOOC 


279 


fGT)12 


ID017ii 


1 TTACIXMAOTOATACrOTACOCTOC 
1 


TAALl i ICI tl IliOATOraAACG 


192 


(OC)9(AC)5AT(AC 




j TTOGCTO ATAATATCTATTOCT 


CCTGCrrCTOOCrCTOOCTQT 


190 


(CA)13 


Ir,l902 


CCTACTAAAATACAOAAACO 


AACnnTAOAACTTAGACATOC 


139 


(onu 


iborooi 


GTTCrCATAOAAOOAAOTAOOAGC 


ATATTCTCTTAGOTTAOACAOCAOO 


271 


(ACHO 




1 cttctocatcatcattttac 


OTAOATATTOAAOAATOAAACA 


184 


(CA>17 




Itctaaatatotatatgtatocot 


GACTTTATAACAACATATTCAAAT 


119 


(CA)13 




1 TAAAG 1 1 1 CL'I CA n I'l CAGT 


ATCCTTCrOCTTTTrOCCTAATA 


143 


rGD15<OA>15 




IcTGAGATCmTrCAAAAUItX;! 1 1U3 


TTOCCTACAAGATCCCTACATOCC 


171 


(07115 




j TTAAOC AGAAGCTDOGCTOC 


AAI 1 1 1 UO \ UCCCACTATOO AAOCC 


91 


CCA)12 




j OCTCAOCACATGA 1 CI T i GTATTCC 


1 ICICCTCTGOCTGTATCTCTGOC 


180 


<AOI0 


D02210 


GGGl Ci UAAVniU Ili^AC 


ACATCACGCroCCTTCATGO 


160 


(AP)11(A7>2(AC>5 
(AW 


D033II 


CCAOCATTAOOCTOATAOCA 


GAATAAATCCTCCTGATTGTG 


201 


rCAMS 


D02212 


AGCCTGCTTCTCCCTCTG 


1 CXnTAGTATCCCAGTATCAC 


213 


rOT>12 


002214 


AAGATTCTGTOAGACAGCATCAOCG 


ACTOOAGGOAAAGATAGOCAATGOC 


191 


rTO)16 


D02919 


OOTGCAGTrACTTAAAGACAG 


A I G'l 0 n OAACACA 1 AO I AGO 


123 


A1ST2A10 


D05202 


CTGTCAGGTCACTOACATTrAOA 


CCAGOACTATACCCTCCACAT 


156 


fOT)15GT(GTO 


D03309 


ACTOOAOTOAAAOC7TCAOOA 


CTOCATGCAGCCTGCI lUi 


300 


(CAMG(GTyil 


D0330I 


CCACCACACTCCAGOTTCCA 


CACTOTAAACTAGTTGAACTTAC 


231 


(CA)17 


D03305 


GGCTXXrrCCTTGOCAOAOA 


ClOGACI I lOCAl JCACl 1 1 ICAO 


133 


rrc)4<AC)2rrc)3 




gcaatctgcttctocctct 


ACATGTOAGATGCTCAATC 


185 


(GT120ArrO)10 


003707 


AGAGCCTAOATGOCCATCAA 


TTCACITAOCGTAATATCCTCr 


156 


(GT)19 


003708 


TTOAAAGAOATAAGGAGTCTGOAG 


TOCAGOTCCGACTCTAOAOGAT 


R 


(OTOAfGT^ 


009709 


ACAI I JUlGACTXXXrATOGCT 


ACrOCCAAATCTTCACAAAGGAA 


86 


(QT19 


003805 


GTCAACACCTTAGAAGTCAOCA 


ACTATTATQCTGTATGGGTGCAA 


90 


(AC)12AAT<AC)S 




CTAACATCAAATCCCACOTC 


GATrCOATCTGAGTTAOCAC 


172 






CCACCCAGGCATCCCAAGA 


ATCTCAGACAGTTOOAATCAATC 


190 


(AC)] 9 


003133 


ATCTGCCTCCCTGCATOAAO 


ACl 1 U U 1 1 CCCTCIATATCl U 1 1 


151 


(CT)10(TG)5 (T 

A3)rrA4XTA3>9 


D03908 


TACACCTGACACTTGTATCC 


GTGCnXiTrAGTCCATOACC 


94 


(Aa!3 


004101 


CTGCATGGAGCCTGCrrcrC 


OAATATGATGTAOCAGGTOTGG 


171 


ao>i6 




ccc AGoc AoxxxTrntri c 


ATCAACTCCCATCTCAGOCT 


179 


fCAllS 




CTATTGATTTTTOCAAAOC 


GTCnrCATOrnTCATATACrC 


130 






ACTAGAAOACAOCAAAATOA 


AGGAATCTOCTTGGATCTCT 


176 






OAAOCTGTTTCTOOCTCTCCCT 


GTCTCrCCCTTTOCCTCOTAO 


158 


fro>i7 


004504 


GCAATCTA7TAGTGGCCTCAT 


CTGACTCACAOOCTGAAATOTAT 


224 


(TG)14(GA>3GC<G 

Ays 


004513 


TTOTCATTGAOOACAGTCAT 


OCACrOCAGAATGTATCTAAAC 


96 


fCA>5TA(CA)5 


ooei7 


TIGACTAAGGOACTCTCAG 


TGGGTOGCrCACCAGTITA 


254 


(GA>3(CA)10(GA) 
14 


004606 


CroCTTCTCTCTCTOOCTAAT 


TocCTcroocrcTGTTcrcro 


280 


rcnio^cA)i3 


004609 


AGCI Al CI Cn CATTTOA I CI A 1 CC 


CTAOAAGOACAACTCTGTCTACTGC 


223 


(TO)10AG(TO)S 


004610 


ATOCAAACACAATTCAAAOO 


TTGGGTCTATTTCTGOCTTCT 


133 


(OT»0 


004613 


ATCrCACrCAOAOCXSAAAGCr 


COACTTOCAAATCTTACAGO 


293 


fCT>IOrAT)7(AC)6 


004614 


ATCAAGTCOCACATCGOOCT 


OIOGI ICnAICCnrCTCTTATC 


154 


(crn2roT)i2 


004616 


TCTCAI 1 L 11 b 1 11 ATOOCTOT 


ATOCACCCITATGnTATIOCAO 


167 


fOTO7 


004617 


aggatcagotaggactx:aoaa 


GCTATGCTTrGGOATOAOOTO 


271 


fGT>l4 


004703 


GTCTTOCAAOTGOTAAGAGOCTACC 


ATCCrOCTCTACCCTCAOAOOC 


12 


((CAM2 


004710 


TCCXrroCATGOAOCCTTCTT 


CATTCATTCTAACTTGAOTOTC 


26 


(Orr>i7 


004S10 


crocTcroccTCTGOCTcrr 


ATOAACTCTOCACTTOOOOT 


Z31 


rro>i4 


004811 


TCAAGTCCACATCAOGCTTC 


ACGTGOTGGTATCAAOTCTCr 


89 


fCA>I9 


004812 


TCCCTGCATGGAAOCIGCI lU 


ACl CGU rn AO I tuuac i ccii a 


190 


rro)ii — rA3T)i2 


O048U 


nXUCTCAOTAAACCAOOCrA 


TOAlilUACIOIOT JCrAiCI lUI 


122 


CTO)10TAGTCCro 

\ncrAmyf 


004907 (TCCATTCAGOCTCOCAAATAACr 


CXrATCAOCXXXSACrcrGTAAT 


116 




D0491J j 


IGATAGACACrTGGCTTOCnCCA 


AClCrrOOOCATTrACTCCAAOOA 


i 


[AT)5(GT>9(AT)5C 
rAT>T 
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~j ACATCGCXSCTCCCrCCAT 


ACCGTOCATGTCGCCACA 


232 


(AC)13 


mv.mi 


1 TCCCTATATGO AOCXrrOCTTCT 


GAAGCTCCTATrrCCCnrCACXrA 


300 


(CA)13 




1 CAAACTTCATAGGCAG ACAAATG 


AAAGTACXTATGGTTOGAGCATA 


136 


(CA)17 




"1 AOGCATCAGOAAATATTGTOGOA 


AGAAAACACACCCAGAOACAGO 


165 


(GT)I6(OA>2l 




1 ACTCTOCTOTATAGACAICl lUI 


AGCAGAGGACTATGGGAAATAAC 


108 


JTG)12 




ACATCAGGCTCCCTACATOO 


CTCACTCAGGTTACTTOCCTOC 


170 , 


<CT)6(OW 




TCACcoTTJ iacxx:agiattcc 


TCCATTCCrGATCOAGTTCTO 


312 


(ATrZ>S(AC)3(AC { 
)ll 


EXX>409 


lOCrn JGUAIOOAOCIGAAO 


TGAGAGGATCACI 1 iCTOTTO 


211 


(CTWGTO 


E03906 


AGCAGTGAACnTAATGAAATAC 


GCrCAGGAATTACCAGAGGAG 


83 


(Cni2 


E03909 


AOCAC 1 1 ACAGOCTGTGG I CO 1 A 


GACTTCCCAGTTGACTAAATAAGCTA 


214 


(cn9 


£03912 


TCTOOACTCAOCnCAOATTC 


GCTAAACCACTGCACCACTOO 


130 


CTC)18 1 


E03913 


AAACAAGTGGGOAGGGGAOG 


CTTOATCGAGCCCTGCATTGG 


117 


fAG)40(GT>7 I 


E03914 


TCAOTCCCACATGCAGCTTCTG 


GTOAOACCAAATTGTTATTGTAA 


202 


fCDWGTtf 


EQ3917 


AGGCAOAACAGATACTOACTCAA 


T AATC AGCCTCT AAGO ATTCTGG 


216 


(AG)14 i 


EO3920 


CTGTGTOAAGCCi OCnCl C 


AGCCAGTCATGTGCCCTTA 


132 


(CT>9GrrC)3 [ 


ED3933 


CACATTTTACATAAAAATAATATGCCA 


CAGTCCATGGAGCCTGCrrCTC 


192 


(AG)17 1 


E03933 


CTOCATGO AGCCTCCri CTTU: 


OTTTCAGCATCTGCACCAGOAT 


172 


(CT)}4GCTCy3 1 


E04001 


TCAGCATGOAATCTACTTGAO 


GAATGTGAGTACAAAGGTAGG 


76 


(cnii 1 


£04007 


OCTCATTGTGATTCCTTAAAACAG 


CTGGGGTCCGGGATGGAGT 


202 


(GA15AfAGn5 | 


E0400S 


OOTAGCCIGCritri CCCTCTO 


ACCAGTGATrCCCTTCACCTG 


143 


(CT)12fOT>5 1 


EO4019 


OCCCTCACTGGACATCTTTATT 


TGGAGCCTGCTTCTCCCTCTG 


116 


(GA)13 1 


£04021 


CAcnrGGAGTCTGcrrcToccr 


ATCACCTGAATTGCAGTTGTCA 


182 


(CDIO j 


E04I04 


ACTAGGCATCTCACATACATTATT 


CCTGCTTCTCCCTCTGCCTAT 


109 


(AG)12 1 


£04103 


CCTGGAATGGAOCACCATGTC 


ATACTTATGTCCXrrGCCTCTG 


168 


(CT)8C2T2fCn6 1 


EO4107 


CTCCCTCTGCCTATGTCTCTO 


CCAAGCAGTnTACCACGATA 


no 


(CD12 I 


E04I08 


CrrCTCCCTCTOCCACTTC 


TTCmATl i UACAUOGAAA 


98 


(CDIO (CT>6 I 


£04401 


CCTGGCATOOAGCCTCCTT 


Gl 1 1 1 1 AGGTCTACACTTCTGAGT 


122 


(CT)9COTO 


£04402 


TOAATCATTATGGTCCTATCOTTC 


TAAAATGCAAOrcrrACCAGAGGAA 


111 


0013 j 


£04403 


• • • www ■ I 1 1 w 




123 


CT)I1 1 


E04404 


GCCACATAGACACTTGGTCTT 


CGGGATGGAGCCTGCrrCTC 


114 


GA)13 1 


£04407 


GGAGCCTGC'I JCnCCTCTO 


CACTACTAOCnTATAATTGTOCT 


134 


CCT>14GrrC>4 1 


£04408 


TGCTTCTGGAAACTGCACAT 


TOCATGOAOCCTGCTTCTC 


144 


(AG>13 1 


£04409 


AOCCTGCTTCTCCCTCCTC 


GTTnTACrCTACACrrCTGAOTAA 


111 


rcn9(TG)3 1 


£04411 


CAGATCGAATCCCACATCAG 


CCTACTCn CCACCATnTGCC 


166 


con 1 


G00203 


CTCTGCCTATOTCTCTOCCT 


TGTATGTCTATTnTGTOCCAOTA 


164 


(TC)13 ) 


G00402 


U 11 i GAACCCCTGCCATAGGTA 


cooaatcgagtcccacotca 


175 




CXNMIO 


TOGAGCCTGCTTCTCCCTCTG 


CCCAACTCTTTACATCTOTOCTA 


148 


(CT)1 1 1 


Q00501 


ATGCCCACGTCAGCTTCTCTG 


CTTGTTCCAGTATTCATrcATTC 


171 


rcDii 1 


G00504 


OCTGCTCACCAGAGAGTCTG 


CA7TGGA7TAI 1 IGTIHIGO 


I6t 


ICT)I4 


G00508 


AGTGCGTGGAGCCTGCTTCT 


GATGTACTGGCCCATCATTCT 


196 


(CDM 


O005I2 


CAGGGCTCAATCAGTGATGTTA 


TCAAGTtn ' rOT' A Tfnf* An a nn 


158 


(CA)15 i 


G00602 
G00605 


CGAGCTOCTCAACCGCTCAAC 
TTCTCCCTTTCCCTCTGTCT 


TGOAGCCTGCTTCTCCCTCTO 


187 


(GA>I9 1 


000703 


^ ■ ■ ■ aw* www • • \f • %r m 


CTCTATGAGAGCACCAGGTTCA 

AAflTTfSTifST ATTrs A I'I'l O A Tift *■ 


190 
206 


(cnii 1 

(TC)6T3CTC)7CA( 1 
CT>3GfI03 1 


000704 


UaiTCCTCTCAATCOCTCTCTAT 


GTooAoccTGcn crcTcmo 


225 


(CI79TCTC>5 A 1 

17 1 


G00707 


LI ICICCCI CTOCCTATXnCTCTG 


GAAGGCTTAGCAAGAGTTGAAOA 


189 i 


:CT)13GACTATC | 
VTA3)2(TA5XT2 | 




CCTCrCCCTCTGCCTCTGTCT , 


\CCTCTGAATCAGGAAATGTAACT 1 


32 ( 


TC)12 




^TCGAGTCCGACATAGGGTTCACT i 


t^CAGTGTAAACAACATGCTACC 1 


32 ( 


Cni2(GT>4(Cn3 1 


000712 d 


VrCOAGTCCCATGTTOGGCTCC 1 


rGAGCAGGGGCAATAGGAGACTTC 2 


(26 ( 
> 
f 


C7>9G(TC)3ATG( j 
m2XA3T)2(A4Dl 
C2T2A8> 1 


000713 C 


n-CGATCOAOCCTGCTTCTC < 


XXnATCTACTCATOOCACTICT I 


94 ( 

( 
f 


CT)10T(TC)3ATG f 
A27XA3T)2(A47^ 1 
Cr4A4) 1 


000801 1 


UCllAiUairACTCTCTCTCAA 1 


CCCTGCATGOAGCCTGCTTC 1 


84 ( 
A 
A 


Cn)13GAG(TC>3 1 
lTG(A2TXA3T>2( 1 
.47yCT3A9) j 


G00810 C 


TCCCTCTGCCTACGTCTCTG 


.GAAGTrACTGTCTCCAAGTACAA I 


52 {< 
T 
3 


rr)17(CT)4ACTAl 
CAT(A3'n2(A4T 1 
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TGCTTCTCXxrrcx: iici gtct 



CCTGOTGCATOOAOCCTOCrr 
GAOOCTGCrrCTOCCTCTG 



TOCTTCTCCCOCTCAOCC 



AGGAACTGOCATTCTACATTAGCA Tisi" 



ATTCTGAAAATCCCTCCTI AGAAAT i 147 



OATPCTOCAATGAACACGAGAOCT llST 



nTATTCTCCCTCTGTTCTT 



113 



AOOCCAAGflATAGACAATCAT 



112 



(CDn(GT)3CTCA 
TOCAnXAST^CA 
4T)CmA6) 



aC)irTATCA(A3 
TO(A5T2>A10 



(CT)UC3T2(A5C) 
2A90A4 



AOCCAI I JGlAlblLl ICl I JUJA RST 



(TC)17(TG)3TCTC 
3ATO(A2TXA3T>2 



CTGCTACATGGGGCCITCCTC 



G0i305 



TACCTGAATGAAAGGGCTCATAC 



TOCTTCTCCCTCTGCCTCTGTC 



CTC)17GTG<AnX 
A3T)rA4r>CT3A» 



(TC)I6 — CrA3)3( 
T2A6XTA2XnAI 



ATCAAGTCCCACGTCAOOCTTCC 



Ai J iUfAGlOl I ICriCOAGAAGTT TiSr 



001309 CTAATGTAACATTCTGTGACAACTACA 



001315 



TOGAGAACCAAATTGACTCCT 



G AAATCC ACATTATATGAGCTTAAAC TjlT 



(CT)I3_^A2TXA 
37)3 



CATGGAGCCTGCTACTCCCTCT 



110 



(TC)J6fGD2 



nrOCTCACCATATCACACA 



TGC7TCTCCCTCTGCCTATGTCTT 



'CnTCTCTGCCTCTGTCCT 



(GA)9G2 
CAYOA)2 



GTGCAGGGCTCAATGAGTGATGTr 



153 



G0I62I 



CCACTCCCATCTCTGCTCAT 



U lACOACIOl 1 1 I CTCAACCTC 



TGGAGCCTGCTTCTCCCTCTC 



CCAACGACTOAAOCTGTCAT 



1240 



OGGGTTGCCTCTTCCTCCnr M25 

GTGCATGGAGCCCGCrrCTC I »9 



(CT)I6 

fcnio 



II II I i| II M 



001709 



001713 



G0I7I5 



001717 
O0|g04 
O0J807 



AGGGAAGACCCOTGACCAT 



ACTAGAACTACAGATCAOTCC 



GCTTCTCCCTCTOCCTOTOTC 



ATGGAGCCTCCTTCTCCCT 



GAGAACAATOGCAGTrOTCT 



1258 



TGGAGCCTGCl i Ci CCC lCi 

CCAAGOATCAAGAACCACGTC 

AOGATCGAGTCCCACATTGG 



GGGGTT GCCTCTTCCTCCT 



Hf7 



CTGCATTTCCCTGATGACAT 
GATGCACTCTCCAGTTGAACTA 



1128 



1172 



168 

i2or 



10AI9_ 



(OA>10 



(CT(9 



TCAGITAGAGCATGAATCrrGTC 



TATGAGTTGGGCTCCTGGTC 
AGTCCTOTGTCAGGCTCCAG 



CTGCGACAGTAACACACATTAGT 



fcnu 

(CT)2GC(CT)12Tr 
fCTWCTM 



jOOlWl j CTCCCTGCATCOAGCCTAai 



ATAGTGCATTCTmCAAGGAC 



197 



CTAGAGTTCTCTCAAATCTOTCA 



152 



uo 



1001906 



fAATTAGCAGGGAGTCTCTTTC 
TGAACCCTGCTTCTCCCACTG 



1001920 



1 GACTCTGCTTCTGCClCrc" 

TCTCTCATrCTAGCTGCTACATT 
ITCOAACATAIU 1 1 1 lUGOiUACC 



OOTACrrGGGTTTTAGAATAT 
ACGACTTGAOCCACCCAGGTA 



[165 



CTGTACACTCTAAATGGGGTCATT riST 



(TAye 

(TC)I1(GT>2 

rro2 



CTrCTCCCTCTGCCTGTCTC Ij06" 

ctibci iciCTCTCTcrocciGTO fsr 



AGOATCATrGGCTAGACAAAC 



TCCCTGCATAGGOCCTOCrr 



TACATAGTTGOOATCGACTCC 



CATGGAGCCTGCTTCTCCCTCT 
CTCCCCAOAGAGAGTCCTCCAT 



OAATAAAACCTAGACTGCCTOAAC 



1248 



fCT>4T2(Cn5 

fCT)9(G-n2fCT)2 

(CT>9(A3T)2CT2A 



<GA)18 

(CT3>23^(CA)6(0 



roA)io 



AAGGCAGATCCTCAACCACTGA 



128 



I CATOOAOCCTOCTTCTCCCTCTG 
f ATTOO AACTATOCAGOCTAT" 



TCGAATCCCATOTCGGQCTC 



159 



lAOAATATCTTGGCTGCAATOCTT 



il89 



j GO ATCOAOTCCTGCATOdAO" 

atcaggctcatcocxx:atcao' 



} CCTGTGTCTCTACCTCTCTOT [163 

I ctoagccaaaggcactc AAC Ac nrT 



CCT)9 
(OA)IO 



OAOCCTGCTiClOCllCIGCC 
t TAOAOO ATCGOGTOCOOOTC' 



j ACATAAGGAACTTCTCCATOPAT 



I GCCTATGGICI I ATOGOTCfi^ 



I OCAOAAACATACACTCAOTAOG 
} OAOO ATCAAOTCCCATATTO 
ICXXn-CATGCAAOTCATCACAT 



TTC AC ATCGTCTTCCTTTTQQOt' 



I CATTTCTC AGCATGTATTATAGAT 
i TACTCTGO ATOCACTCATAAGG 



GTAGGCAOCGTACAOATOOAT 
ACACTCTGGTOCAAGCQACTC 



GTCGGGCTCXrCTGCATAOO 



■ .7 : ' "J: ' ' f TOOCITAAAACCTACTOCTC AQ 

TGCCTOTOTCTATCTCTQOCA 



OCCTACTTCTCCCTCTOCCTATG I CTGCTrCTCCCTCTOCCrrrfF 



I CCTGCTTCTCCn CTCCCTGT 
f CTGCATGO AGCCTGCITCTrr 



I TTAOTnTCACCAACrGTAOGC 



\ GAATTGTAAGTnTCAACrOCC 



ATCACAACCTAACCAAAACXXrr I CTCTCCCTCrOTCTG<XACTCC 



179 
13} 



123 



AIStOAW 



ssm*. 

(OAM4 



SSDIL. 

<OA>l4 



raA)i6 



163 
134 



144 



1142 



<CT)9 

(CTf9acn4 



(GA)I2 
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Table 2A (cont) 



Esnm 



ACCCAGGTOTCCTTCAAAATGT 



ATGOAGCCTGCTTCTCCCTCT 



GOCACCnTAGTCTAGTTCTCTG 



CCAAATrCAGOATTrCTGACrOC 



GCAGCCAATATOACATCATCC 



TGCATGGAQCCTGCl ICIOX; 



TACXntrrOAGCTOOGTOTOOA 



jGQlSU 



CQ2902 



I CCAGGATOO AATCCCAOOTC 



I TOCTGCnT ATAGTAAAAATO 



I TCCTGCTGAATATGACGnCA 



\ ATCG AATCCCACATCAGOCTC 



I ACACTCAGCATAGAGTCTGCTTG 



\ CCTGCACAOAGCCTGCTTCTC 



GATTOAGTCCCACATCAOOCT 



GCTCTCCCTCTOCCTGTGTCT 



TCAGCTATAAATTCAACTOGCTTA 



TAATCAGGTTC1TGGAOATOAC 



ATGOAOCCTGC] ICICOCTCT 



TACATOGAOCCTGCI JCICOC 



OAACAGCmTGCAGCAOOC 



OOCACTTCACTTAATCTTTOAGT 



TCAnTGTCACrrATTAOTCCAC 



CCTGCl ICr CCCTCTGCCTAT 



AAGGGAGGGGAAACGACACAT 



CACAAATOTAAACTGGGTATATT 



CACCAGGTTGOAAATOAATAAG 



AAACCACTGAGCCACCCGOACT 



AOCTGTOTnATOACTACACATO 



206 



151 



139 



161 



161 



173 



114 



174 



763 



134 



177 



134 



133 



741 



(cni4(GTycn2 



<OA>8AT{GA> 



(OA>17 



(cnii 



(CtV 



(CT}2GC(Cr)9(GT 



(CA)3(GA>12 



(cni3 



ICQ13. 



(CT?14, 



(CT2TO(C7)6 ( 

CT)6 



002903 



TAGAGCCTGCTTCTCCCTCTG 



CCAATTTGAAGOATTCATCATT 



146 



(CT)2GT(CT)70T 
AT(CT(8 



G03001 



TCCATCTOCCTATCACACCACT 



TGAGCACTGOATGTTATATGCAA 



199 



G03006 



ATCTAATCCCACATTGGGCTC 



ATOGGGAGTCATCAGACCAGG 



171 



(TC)13 



003011 



TAGGCTTCCTOCTCAAGACAO 



GGATOOAGGAGAGCCTTOTTA 



209 



(GA-n6 rrc)9 



GO30I3 



CTGCICICI 1 1 ICGCTCACTC 



TTCTCCCTCTGCCTGTGTCT 



(OA) 17 



G03013 



ACTGAGATGGGAAGGOGCAGA 



CTACATCGGGCTCTATGCTC 



83 



G03016 



GAGCCTGCTTCTCCCTCTGC 



AGTCCTGTGATTAGTTCTCAGAC 



106 



(CD 10 



003017 



TCCTCCCAACATTCTACAATOAA 



134 



(GAUCA(GA)9 



G03018 



TGCTT CT CXXrrCTGCCTGTGT 



CCTTCTGG ATCTGC Mil ACTAT 



203 



CD13 



G03019 



CCACTCAGATCTCCCTATACTAT 



AAACAGGATCGAGTCCCACA 



312 



(OAn3 



G03104 



TAGCAOACAAACCCCAACTG 



167 



(OA)13 



G03109 



CTGCATGOAGCCIGCl ICl I 



TCTrATTCAAATOCTCCTGATrAT 



133 



cn9 



O031I1 



CCTGCATGOAOACTOCTTCT 



TOl ] ICCTCAi;! iCTTACTOA 



718 



fCTOl 



O0360I 



OACACCAOOrrOATTATCATT 



TOOAOACCTGGGATTGAGTC 



166 



roA)io 



003901 



ATCACACCCTGGGCTGAAGO 



TGOAGCCTGCTTCTCCCTCTG 



174 



(GA)i4 



G04801 



ACGATGCCCAGTTACATTTOAA 



TGAT Gl 1 iG ATGTrCACGTTGAT 



208 



(OA>U 



G03002 



CACTGTGTATGTCCTCTTATTAAG 



CAGGAGTCTACl 1 1 ICCITCIG 



170 



(GA^O 



G03602 



CACTAAACCACTGAACAACCT 



GTCCCACGTCAGGCTCTCTG 



138 



(OA)9 



G03602 



CACTAAACCACTGAACCACCT 



GTCCCACGTCAGGCTCTCTG 



138 



(OA)9 



003604 



TGCATGGGGCCTGCTT C TC 



CCTCTTCATACTTCAOCAAGTO 



169 



(OT)9 



G06202 



1006221 



CCCTTCTCTOTCTTTGAGAGT 



ACCCTGCTTCTCCCTCTGCC 



144 



(GA3>C(AG>9C(G 
AM 



i CTTCTOCCrCTGACI GTGTCT 



TCCCTCAAAATTCAACATACAA 



168 



\ CCTGCTTCTCCCTCCTCCTG 



TCCACAAAGCTCCCTACrCAT 



163 



(cniuGABfcn2 



I CACTGGGCGTGTAACCTGCT 



CTGAAATGTAAGTGCAAAGGAA 



172 



rcT>io 



I CTAATATCAAAAGGTTATCCAC 



CATC H CC 1 CTGCCAGTGTC 



267 



(Cni2.>(A3C>8 



GGATAACCAGGATAATTTCCTAC 



AGAGAGGCCCACATCAOOCT 



136 



(OA>ll 



(AT4XAT3P(GA)1 



AATTTATGOAAATOTrCCCAA 



130 



t OAGCCTOCTTCTCCCTCTGCC 



ACCCATGTATGAGCCCATTOA 



137 



CDlTTfTCP 



I CAGGTOCTOCAAG AGCTTAGA 



CTTCTCCCri'l CCCTCTOCC 



176 



(Ct>19 



\ GTCACOTCTTCAACCCTTCCT 



ATTGAOTCCCCCATCAGGCTT 



313 



(OA>17 



{ AGCCTGCTTCTCCCTCCrc 



I ACTGGCAATOGGTCTGAAAATAG 



I 1 GCI 1 CI CCTCTGTCTGTATCTC 



CCACACCTCACACCGTGTA 



133 



(OA)14 



CTCAGTT ATI I UI GGG C IUI 1 1 



216 



(Cr)15 



I ATG AATAOdTGTGCATCAGTOCATT 



LCCATCAAACmTACACTOAA 



I CAATCAAACTTTT ACAOTO AA 



ITGTOOAAACI G CI 1 A CA Al 'l TIC 



I TCGAATCCC ACGTCGOGCT 



I CATTCAO ATGCCCG AOfftC 



rACAACCTACAGAATOOGAOAA 



I GCrntCACCCAACOACTTAOA 



ICl IC'ICCCTCTGCCTOTCTC 



t CI CI GCCTGTOTCTCTGCCTC 



CAGGTCCCCCTACACTAAGTG 



133 



fOA)I3 



TGCTTCTCCCTCTGCCTGTGT 



132 



(OA)10 



GGGTCTOCl iCICCClClUI 



163 



l OA)13 



CGGTCTGCI ICICCCICICI 



163 



(GA>12 



COOTOATACCI iCCTCATCAT 



146 



(OA)12 



TOCGTrACCTTACAAAOTTATTG 



138 



(CT>9 



ATOTrACAATOATCTGATTTATTCr 



336 



(CT)17 



CCAOOTOAOOTCCAGTTOTG 



(CD5GTrrC)l2 




CTTCCACAGCCl 1 1 1 ATTOT 



96 



AACTCTGTGGCTCAGCAAOO 



311 



GCGTCTATAATCATCAOAAAT 



139 



CTATACACATTOAGAAATCOCA 



168 



(cnio 



(OA)12 



CCT>11(GT>4 



0013 
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Table 2A (eont) 



O06706 


ATCCAOTCCCACOTCAOOCT 


TTATTl ATTTATI'CATAGAG ATOCA 


98 


(CT)23^TC(A2T 
yA3T>2fA5T) 


006707 


GOTGCATOOAUCCIOCl ICl 


1 GCCAG 1 1 CAG 1 ITIC AAAGI'I 


147 


(Cni7fGTU 


006710 


TiarilO IT J CI ATTCTCCTC 


AACCCGGOATTGACrXXTTG 


167 


(GA>14 


006713 


GAGATCXJAOTCOCATGTCAG 


CTTTOAOOAOATAAATCI 11 CI A 


225 


rrc)2o 


G067J4 


ATCAAATCCCACATOOOOCTC 


ATrAOTTCAAACCTCGCCAATO 


163 


<TC)12 


G06713 


TTOATCOAGTCCTACATOOO 


TCTTOOGTAAACTACTTAACTT 


174 


fTOll 


006717 


7UGA0CCT0CTTC1 OCCTCT 


CCI 1 AITCAOAI 11 ACCTOTTTO 


147 


rrosrrow 


O06S01 


AOGOAcu 1 ucn CIIX-I'I CI U 


CAATOATTATOGnrOTCAACTT 


162 


fcni7 


O06S05 


OACACCCAACCOCTGAGCAC 


OAGCCTGCTTCTCCCTCTOCC 


168 


(CA)3(OA>9 


006901 


OOCAOCriTGA 1 OACI GAni OA 


ACTCCTOTOTCAOGCTCCCT 


211 


fGA)17 


006908 


OOAACACGTTAATTCATAAAAATOAT 


ATGGACTCCCACOTCAOOCTAC 


205 


(GA)3CArGA)10 


006909 


OOCAOCACTAAACCACrOAO 


TCCI 1 IGCATCi ICCAITPT 


209 


(OA)l5 


G06910 


CTGTGCTCAGCGGGOAOTCT 


TrATCTTAGAOTGATOGAOAGTOG 


101 


(CD15 


O069M 


OOAAGATGTTOTCTCTTATCA 


CGGTAGGOGTTi iGn i ATGO 


159 


(GA^O 


O0700I 


CTACATCOAOCCTOCTTCTCC 


TCCCCACAACriTA I GTCCTC 


129 


(CniUGTV 


C07002 


CC 1 1 C 1 CCCI CI GCCT01 0 


OCCACTGAI J lAi rCTCTGTA 


197 


CCDIl 


G07004 


TCCrrOCTCTCTCTCAAATAA 


GTOCATGOAOCCTGCTTCT 


181 


rCA>10C(GAVl 


G07005 


CCCTCTGCCTOTGTATOTCTC 


ATOGCAOCAGGGACTACTCCA 


134 


(CT)12 


G07006 


CAG1GGOOAAICJ iXrnUAO 


CATTTCACTACATATACAGOTOTCA 


150 


(GDI 1 — fcnio 


G07007 


AATACCrCGCTAAACATTTA 


COGATCOAGTCCCATGTC 


156 


(GA)ll 


G0700S 


CTGCATOGAGCCTGCTTCTC 


AATGTACCTGTCCCCII'IIG 


127 


CCT>13 


007301 


OCATI CACCCAA I AG I CC ri G 


GCTGCTTCTCCCTCTGCCTAC 


135 


rGA)13 


G0T3OS 


ICICA^ITI GAAAAG n i A l AG I C 


rrCTCCCTCTCCCCCTATC 


174 


frA3)9 (GA>5^ 

(OA)7 


G07310 


TATGcncicctrici ICICIG 


00 1 i iCTCTCCl iOATTTCTAAG 


159 


(Cni4 


G07313 


CI ICICCCrcrOCCTOTGTC 


TGCTAAACTCAACTCTCCTAA 


123 


(cni4 


G07314 


CCATCAOTTTOr 1 CI CI A I CA 


OAAGCCTAAGTGAGGAGTAG 


224 


(cnii 


G07402 


GGAOCCTGCTTCrOCCTCTO 


TATCGTCCCACACTGCTOAAT 


244 


(cntiT2fcn5 


G07406 


AATTTAOTCGAAOAATGAAAGATO 


GAAATAOCCTTAAAAGCAATGTA 


221 


(GA)14 


G07407 


CCACCTGGGCrGCACTGAAOA 


TGGAOCCTGCrTCTCCCTCTO 


134 


(GA)IO 


G07408 


TOTCACrcrOCTCTCCAOCTO 


ACTOCCTAAAOTTCTTCCTATTG 


135 


(cnu 


G07410 


ATCTCXTTCTOCACTCCrOCT 


CACOTAAGOGATGAOrrCAGGT 


147 


rrc>8m}» 


G07413 


CrOGAACAOAACCCACAATA 


ACOAOATCAGTCCCACATCAG 


231 


(GA)24 


G07414 


TCCCrOAAAOGGOCATITAAOACC 


AOCCTCCrTCTCCCTCTCCCTATG 


128 


(GA)1 1 


007420 


TCAGGAGGTOACTTGCrrGGAG 


CGOTGCATGCAGCCTGdTCT 


162 


rCA13(GA)l6 


G07502 


CTCCCTCrCCCTATGTCTCTO 


ACAOCCClUI I'lACCCAGGTG 


255 


fCDM 


G07503 


CAGOAAACTGCTGO ACT 1 G I GCT 


TOCTTCrCCCTCTGCCTGTGT 


126 


(GA)15 


G07504 


AGTTCl GG AGGCl GGGAAGTC 


GGTGTGAAATGCCTCTTTAGATA 


215 


(Cn23 


G07505 


TCCATGOAOCCTGCTTCTC 


ACCAGOTTACTCTTAGTGACTCC 


138 


fCDll 


G07306 


ACnCTCCCTCTGCCTCTCT 


TTCCAGTGTATOTTOATTOAA 


124 


(cni3 


C07507 


ATOGAGCCIGCTTCI CCCI CI 


GTTTCCTGCTCTCCTACCTGG 


163 


(Tcy9 


G07S08 


AGCCCIOCI I ICTCCCCTCT 


GATTTTGATTTACATTCACAAOTACA 


98 


ac>>io 


G07510 


AGGCATCCCi 1 ACI IACI 1 ACl IG 


TCCCACATCAGOCTTGCTGTAT 


152 


{OK0 


G07701 


TATrCAAGCCATrOACGCATrG 


CATOGAGCCTGCTTCTCCCTC 


247 


(TG)2(TC)2GCC(T 
C)I6 


007703 


CTCCTTCTCCCTCTGCCTATO 


TTTCCAACATrATOCTATGAT 


198 


CT>14 


007704 


AGCCTGCCTCTCCCTCTCCA 


AGAOTCACAATOCAACCCCACAA 


246 


(TCT24 


G07706 


OOTGACACTATACTGAACCTTCT 


TCrriCICCCTCTCCCTCTOA 


116 


roDii 


G07707 


CTCCCTCTGCCTGTGTCTCTO 


AAl 1 1 1 1 ATGTGTCCTGGTTCAGCC 


202 


fcn9 


007709 


CATTTCOCTCATOTOCCTOACTGA 




147 


'OA) 16 


OO77I0 


GC 1 1 CI CtXri CTOCCTCTATCTCT 


ATTG ATPCCGO ATTTTIVXT A ATA 


173 


VI J9 


007711 


TACTrCnTCTOCCCI ICICC 


:ATrTCCAATCCATTTAGAGA 


149 < 




007712 


CTGCATGGAOCCTGCI 1 CI C 


rCAGACOCTCAACCAACrCAO 


179 4 




007713 I 


CTrGAAGOCOOCTOrrCTTO 


rTOGACTTTCTCTCCCTCTCCr 


»4 ( 


'GA>16 




CACCATOGAGTCTOCrrOTC i 


^OCTAAACATTTAACCAACrOAG : 


119 ( 




Esmmi 


SOCTAGAACTGACATTCTTT < 


rrOTAGGGAGCCTGCI ICIC ] 


133 ( 


GA>7CArGA^ 


1 008002 jCCTATCGTCCrCGACACXTG < 


rrAATTGAGGAGATAGGATACATAAT ] 


« ( 


CDI7 




TrCAOCTTAOCCATTGAAOAAT J 


XTGCTTCTCCCTCTOCCTC 1 


74 ( 


CA)2(OA)15 




STCAGCITAGCCATTOAAGAAT < 


XTOCTTCTCCCTCTGCCTC 1 


74 ( 


CA12rOA)15 




XXrACAACACTCTGAATTArrAO ( 


:ACTCATTTATrOCCCTACI H 1 A 1 


75 { 


OA)l5 


|O08005 jGGTCTTCACTCCAAGOO.\ACT C 


:atcagatactccaacattcag I 


90 ( 


OA)20 




:agactatccttocctotag c 


rrOCCTGGAGCCTGCI iCI 1 


39 ( 


CAU(GA)]2 




•OGTACTGTAOCTTTCAAGAT 


CTOTGAAAGACACCCTATrTA 1 


73 f 


CT>I4 
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Table 2A (cont) 



|H06601 M 



TTGCXnTCTCGOTCTATTC ACnr 


1 GAATGTOGrrAGTAOAATTATACAC 


300 


(AT3)I0<AT2)2AT 


1 GATCCTGATTCTTCTTOAG 


GGCATGGACCATACrrCA 


153 


(AT3)4 




TGCTGAAAGATTAGCCTOTOGA 


125 


(AT3>3 — (AT4XA 
T3)2 


AAOTCCCACOTCAOOCTC 


ACGTCACCACAACCATCTAA 


165 


(AT3)n 


CAT7TGCTGAGTCAAOOAATTCT 


AGTTAOCTGGAACTTGTCAGAA 


300 


(ATOIJ 


TOCATOOAGGCTGCTTCr 


CTTCTACACATGTTGTOOCT 


160 


<AT6XAT4>2(AT3) 
13 


AGTCCACCATCACCGI 1 lUI 


GAGGCTTATTTrCTGTCCAOTT 


144 


fAT3WAT4) 


TCAGGCTCATOGOATrOAOACTTC 


TOCCArrGCACAOGATATAGOTCCA 


303 


(ATOU 


TCCACACTCACTGCACAATCTOCTT 


TGTGAGACCGCAGAATACAGTACTC I 


141 


fA73>ll 
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Amplification reactions were carried out under standard PGR conditions 
described above using the annealing temperature indicated for each locus or a 
touchdown PGR protocol (Don. R.H. et al.. Nucleic Adds Res. 19:4008 (1991)) was 
established. The variability of these loci were evaluated using the dog panel For 
each locus. 5-10 dogs were studied in each breed. The number of alleles observed 
are presented in Tables 3A and 38. 

Table 3A 



Marker 
Locus 


Mixed 
Breed 


Cocker 
Spaniel 


1 Labrador 
Retriever 


German 
Shepherd 


Beagle 


D00101 


3 


2 


2 


2 


3 


D00401 


5 


4 


3 


6 


4 


DO 1205 


4 


2 


4 


4 


4 


D01902 


6 


4 


O 


3 


4 


D02001 


4 


3 


3 


2 


4 


D02005 


3 


3 


3 


3 


3 


D02011 


3 


1 


3 


3 


2 


D02012 


5 


4 


3 


3 


4 


D02202 


4 


1 


2 


3 


4 


D03709 


5 


4 


3 


4 


2 


D03805 


6 


4 


4 


3 


3 


D03908 


4 


4 


3 


5 


4 


1 D04403 


2 


3 


1 


1 


3 


004702 


3 


1 


3 


2 


3 
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Table 3B 



Marker 
Locus 


wi/wt?f 1 iicin 

Pinscher 


C t mi •* 

aioerian 
Husky 


Scottish 
Terrier 


English 
Pointer 


Greyhound 


D00101 


3 


2 


2 


3 


2 


D00401 


3 


6 


5 


5 


5 


D01205 


2 


2 


1 


3 


3 


001902 


5 


3 


4 


4 


7 


D02001 


2 


4 


3 


2 




D02005 


1 


3 


2 


3 


— — 


D02011 


2 


3 


4 


5 




D02012 


3 


3 


4 


4 




D02202 


1 


3 


2 


2 


1 


D03709 


4 


6 


4 


5 


4 


D03805 


3 


7 


4 


5 


4 


D03908 


3 


8 


3 


4 


4 


CK)4403 


1 


3 


2 


3 


3 1 


D04702 


2 


3 


2 


3 


2 1 



20 



In general, ail of the microsatelBte loci tested displayed variability within and 
across breeds. While 9 cells out of 140 (6.4%) in Tables 3A and 3B were 
monomorphic, these were scattered though 6 different microsatellite loci, which were 
quite polymorphic in other breeds. The maximum number of alleles detectable by 
this analysis for a locus in a given breed was 8. in the case of locus D3908 in the 
Siberian Husky. The percent heterozygosity obsen/ed at each locus in each breed 
is presented in Tables 4A and 4B. 
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Table 4A 



5 



10 



15 













1 Marker 
1 Locus 


Mixed 
Breed 


Spaniel 


Labrador 
Retriever 


German 
Sheplierd 




D00101 


20 


0 


0 


0 


90 


D00401 


100 


100 


100 


88 


25 1 


D01205 


70 


50 


0 


22 


64 J 


1 D01902 


100 


100 


100 


11 


36 1 


D02001 


40 


86 


57 


50 


33 ' 




D02005 


90 


29 


38 


22 


27 




D0201 1 


38 


0 


25 


44 


18 




D02012 


0 


17 


33 


0 


33 




D02202 


20 


0 


0 


0 


u 




D03709 


20 


100 


75 


89 


50 




003805 


100 


50 


50 


30 


67 


H D03908 


100 


100 


100 


88 


100 


1 004403 


100 


100 


100 


100 


100 


j D04702 


22 


0 


80 


0 


30 
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Table 4B 



1 Marker 
1 Locus 


L/vuvfinafi 

Pinscher 


oiDBrian 
Husky 


Scottish 
Terrier 


English 
Pointer 


Greyhound 


D00101 


60 


0 


78 


66 


38 


D00401 


33 


50 


86 


67 


100 

1 WW 


1 D01205 
- 


60 


44 


0 


86 




D01902 


100 


63 


100 


100 


100 


D02001 


100 


57 


25 


50 


1 w 


D02005 


0 


50 


77 


71 


100 

1 WW 
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No heterozygotes were observed in only 21 out of 140 (15%) of the loci^reed 
combinations studied. At the same time, 30 out of 140 (21%) cells showed 100% 
heterozygosrty. The mean and standard deviation of heterozygosity observed for 
each locus across different breeds, as well as the mean and standard deviation of 
5 heterozygosity observed within each breed across different loci are shown in Figures 
1A and IB. respectively. The breeds studied show a mean heterozygosity ranging 
from 36 to 60% across different microsatellite loci with considerable standard 
deviations. Among the loci studied D03908, D01902. D03709 and D00401 showed 
the highest mean heterozygosity across breeds of 87, 81. 80 and 75%, respectively, 
10 The number of repeats in the reference clone In these loci were 16.18.12 and 22. 
The least informative loci across breeds were D02202 and D02012 at 5 and 19% 
mean heterozygosity, respectively. The number of repeats in the reference clone 
in these loci are 12 and 15. respectively. Correlation analysis did not reveal any 
significant linear relationship between the number of repeats at a locus and its 
15 overall observed heterozygosity (r=0.22). 

Figures 2A-2D show the results from typical gels used to evaluate the alleles 
in gathering the data as described above. Amplification products of DNA from 
various different breeds at the locus D02011 are shown. Figures 2A.2D represent 
different gels, run under similar conditions. Note that the molecular weight marker 
20 identified in lanes marked M is the 246 bp band of the 123 bp ladder (Gibco-BRL. 
Gaithersburg. MD). The size of the amplification product in the reference clone was 
238. The different alleles are easily identified, with PCR products separating in 
sharp and well resolved bands, near and below the 246 bp marker. Some 
non-specific amplification products can be obsen^ed, especially in cases with higher 
template DNA concentrations; however, these do not interfere with correct typing. 

The results indicate that microsatellite iod containing CA repeats are 
abundant and highly polymorphic markers for the canine genome. These findings 
indicate that such markers hold great potential for use as linked markers for genetic 
defects in pure bred dogs. 

The estimate that there is one useful CA repeat every 31 kb in the canine 
genome is in good agreement with one every 42 kb estimated recently by others 
(Rothuzien. J. etal.. Theor. App. Genet. 89:403-406 (1994)). In the above-described 
study, a secondary screening was carried out and only very strong hybridization 
signals were accepted as positive, which resulted in elimination of about 20% of the 
primary positives. It thus appears that the estimate of the minimal CA microsatellites 



25 
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frequency in the canine genome Is accurate. These estimates have practical 
implications particularly, since most cosmids have insert sizes in the 30-40 kb range, 
the likelihood of finding a useful CA repeat in a cosimd clone harboring a gene of 
interest is high. 

5 SPECIFIC EXAMPLE II 

Materials and Methods 

Patients and pedigrees. The patients and pedigrees used were primarily 
those used and described earlier (Yuzbasiyan-Gurkan. V. et al.. Genomics 15:86-90 
(1993)). Briefly, pedigrees of American Kennel Club registered Bedlington terriers 

10 were associated with the help of Bedlington terrier (BT) breeders. While all of the 
pedigrees have a family history of CT. not all had a symptomatic proband at the time 
of pedigree ascertainment. Diagnosis of dogs as to whether they were affected or 
unaffected with CT was made in all cases by quantitative copper assay from liver 
biopsies perfomied at 1 year of age or older by criteria eariier described. DNA was 

5 extracted from peripheral blood samples collected In add-citrate-dextrose as 
anticoagulant as described (Yuzbasiyan-Gurtcan. V. et al.. Genomics 15 86-90 
(1993)). 

Microsatellite analysis. The microsatellite mariners used in this study were 
developed as described in Specific Example I. Standard conditions used to amplify 
each mariner locus in polymerase chain reactions (PCR) were as follows: 26-50 ng 
of genomic DNA as template In 25 //I of PCR buffer (50 mM Tris HCI. pH 8.3 @ 
25'C. 50 mM KCI. 1.5 mM MgCI^). 200 /uM dNTPs. 200 pM with respect to each 
primer and 1.5 U of Taq DNA polymerase. A touchdown PCR protocol (Don. R.H. 
et al., Nucleic Acids Res. 19:4008 (1991)) was established to facilitate the robust 
amplification of most mariners under the same conditions. PCR was earned out at 
94-C for 45 sec. 52»C for 30 sec. and 72"C for 1 min. 

The microsatellite mariners were initially evaluated in ten sets of parents from 
the BT pedigrees. Those markers for which at least one parent was heterozygous 
were then evaluated in all the dogs in the pedigree. Seven to twelve microliters of 
product were run on a 5% to 7% Hydrolink D600 acrylamide horizontal gel according 
to the manufacturer's instructions with the following modification. During the 
overnight runs, a plexiglas gel carrier was placed on top of the gel to prevent the 
swelling and distortion that was othenvise observed. Initially, electrophoresis was 
carried out from 4 to 5 hr. at 50 V in 1 X TBE (90 mM Tris. pH 8.3. 90 mM boric 
acid. 2 mM EDTA) with ethidium bromide. A photograph was taken and the gel 
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electrophoresis then continued overnight at 35-40 volts depending on the fragment 
size of the product. A second photograph was taken and the results visually 
evaluated. It w^as found that two photographs were helpful in comparing different 
dogs w«h similar patterns. The alleles were then tabulated and used in linkage 
analysis. 

Linkage analysis. Two point LOD (logarithm of odds) scores between CTand 
all the markers tested were generated using the MLINK program of the LINKAGE 
package (v5.1) (Lathrop, G.M. et al.. PNAS (USA) 81:3443-3446 (1984)). A gene 
frequency of 0.5 was assumed for CT. 

Results 

Two hundred thirteen microsatellite markers were evaluated in the process 
of finding linkage. Of these 213 markers. 181 provkJed scorable products in BTs 
using the touchdown protocol described above. Of these, 114 were infomiative in 
the pedigrees and were further evaluated. 

Of all the markers tested for linkage to CT. only one yielded a significant LOD 
score. As shown in Table 5 below, marker number C04107 was found to be linked 
to the CT locus at a LOD score of 5.96. at a recombination fraction of zero. No 
recombinants were detected. Since a LOD score of 5.96 indicates that the odds of 
obsen/ing this linkage by chance is about 1 in a million, and since, a LOD score of 
greater than 3 or an odds ratio of 1 in 1000 is considered proof of linkage, the 
findings imply that the CT locus is indeed very ctose to the C04107 locus and thus 
can be used to predict the inheritance of alleles at the CT locus. No recombinants 
were detected in this study and thus a value can not be put on the genetic distance 
between these lod. except to say that they are very close. 

Table S 





j 
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(Recombin- 
ation 
Fraction): 


0.0 


0.001 


0.01 


0.05 


0.15 


0.1 


0.2 


0.3 


30 


004 107 vs. 
CT 


5.96 


5.95 


5.85 


5.38 


4.78 


4.14 


3.49 


2.13 




C04107 vs. 
ESD 


-oo 


-19.73 


-10.78 


-4.77 


-2.44 


-1.28 


-0.6 


-0.01 


35 
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-11.43 


-5.47 


-3.18 
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The primer sequence and allele information about this marker are shown in 
Table 6. The allele frequendes were detemiined from alleles observed in apparently 
unrelated dogs. 

Table 6 



Marker Locus 


C04107 1 


Repeat Motif in Reference Clone 


(CA)e CT(CA)„ 


Primer Pair 


TCAGCAACTATACATTTAAGAGGA 
CTGTCCCATCTAAAGGATAGG 


Allele 1 and Frequency 


163 bp, 0.39 


1 Allele 2 and Frequency 


167 bp. 0.61 



10 



15 



20 



Marker C04107 was used to locate markers C04107B and C04107C shown 
in Table 2A. which are close to C04107 and also contain repeats. This 'tamily" of 
markers may be used to detect CT. 

A typical pedigree illustrating linkage to C04107 is shown in Figure 3. In 
Figure 3, circles and squares depict females and males, respectively, and individuals 
affected with CT are indicated by the filled symbols. The asterisk in the figure 
indicates an individual not available for analysis. The bands are the negative image 
of amplification products obtained from the dogs indicated in the pedigree and 
analyzed individuals share the 2.2 genotype at this locus. In this pedigree, all dogs 
with the 1.1 genotype are predicted to be homozygous nornial while those with the 
1.2 genotype are predicted to be heterozygous, and thus earners of the CT gene. 

Given the finding of linkage and allowing for a small en-or for recombination, 
It is predicted that all the offspring with the 1. 1 genotype are clear of the CT gene 
i.e.. homozygous nomral. and that alM. 2 offspring are carriers in this pedigree. 
Since data on the ESD and RBI lod were available for most of the dogs from 
25 a previous study (Yuzbasiyan-Gurkan. V. et al.. Genomics 15.86-90 (1993)). the 
linkage relationships of these toci with C04107 were was also evaluated. Neither 
ESD or RB1 were found to closely linked to C04107 (see Table 5). 

As demonstrated by the pedigree illustrated in Figure 3. given an informative 
mating, it is now possible to identify all the genotypes In the offspring, distinguishing 
30 between the homozygous normal, homozygous affected and heterozygous dogs 
provided the genotype of one affected dog is availabte. However. C04107 is not 
extremely polymorphic in the BT population, showing only two alleles and a 
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calculated heterozygosity of 0.43. Therefore, typing at the C04107 will not always 
yield information about the CT status of the offspring. Thus far. aH affected dogs 
have been of the 2.2 genotype and the 2 allele is more common than the 1 allele 
(see Table 6). The matings which produce affected dogs will be found to be either 
> between parents who are both 2.2 both 1.2 or one 1.2 and the other 2,2. In such 
cases, typing at the C04107 locus will only be useful in the second and third mating 
types. In the latter mating pairs, predictive information would only be available as 
to which dogs are affected. In order to make most pedigrees in the breed 
informative, additional polymorphic markers closely linked toC04107 are developed. 
It is predicted that a battery of three to five highly polymorphic markers will make 
almost every pedigree informative. 

If strong linkage disequilibrium occurs at C04107 or nearby loci, the predictive 
power will be substantially improved. However, further studies of allele distributions 
In the BT population are needed to evaluate linkage disequilibrium. In any case, it 
should be possible to dramatically reduce the frequency of this serious disease 
within a very few generations. 

As discussed above, canine copper toxicosis is present in the West Highland 
White Temer and perhaps in several other breeds. (Thomburg, L.P. et a!., Vet. 
Pathol. 27:81-88 (1990)). In the Wtest Highland Terrier, it is clear that the phenotype 
is more complex, in that there is a spectrum of liver copper levels. This marker is 
evaluated in the Wtest Highland White Temer breed and it is determined whether 
there is segregation of high liver copper values with C04107. 

The foregoing discussion discloses and describes merely exemplary 
embodiments of the present invention. One skilled in the art will readily recognize 
from such discussion and firom the accompanying claims and drawings, that various 
changes, modifications and variations can be made therein without departing from 
the spirit and scope of the invention. 

All publications referred to herein are expressly incorporated by reference. 
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WE CLAIM: 

1 . A primer comprising a polynucleotide, wherein the polynucleotide has 
a sequence selected from the group consisting of the sequences of Table 2A. 

2. The primer of Claim 1 . wherein the sequence is the Sns sequence of 
5 marker locus C04107 of Table 2A. 

3. The primer of Claim 1 , wherein the sequence is the Asn sequence of 
marker locus C04107 of Table 2A. 

4. The primer of Claim 1 . wherein the sequence is the Sns sequence of 
the marker locus C04107B of Table 2A. 

^ ° 5 "The primer of Claim 1 , wherein the sequence is the Asn sequence of 

the marker locus C04107B of Table 2A. 

6. A method for amplifying DNA. comprising the step of performing PCR 
with the DNA and a primer set selected from the group consisting of the primer sets 
of Table 2A. 

7. The method of Claim 6. wherein the primer set is that shown as the 
Sns sequence and Asn sequence of the marker locus C04107 of Table 2A. 



8. The method of Claim 6. wherein the primer set is that shown as the 
Sns sequence and Asn sequence of the marker locus C04107B of Table 2A. 
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